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PREF AC^. 


The same reasons which imj?elled us to undertake 
the adaptation of the fir§t pai^ of tlie Scientific Class 
Uook’^^to the use of schools and academies in the United 
States, "has equally, or even more forcibly, urged ,tlie 
importance of performing the like task in regarif^to 
the present work, InPseveral of the departments in- 
cluded in this Volume, we have hitlferto been so fur 
from possessing a good treatise adaptecl to schools, that 
we have, in fact, had no*w,prk in all respects eligible as 
a text book, even for«tly highest institutions,^ 

This deficiency cannot be said to arise froirJ^a want 
of interest to create a demand for information in regard 
to the sciences here sbctched. The remarkable ra- 
pidity with which the arts, dependent for their success 
on these divisions of knovifledgc, have recently ad- 
vanced, evinces that high national interests are con- 
cerned in the diffusion of correct notions respecting 
their phenomena and laws. ^ 

The treatise on Chemistry will be found to contain a 
general discussion of the objects of the science, a concise 
view of the various simple substances of which it treats, 
and the chemical laws of combination, together with a 
brief account of the nen-metallic and the metallic ele- 
ments, and their resjjcctiTO' compounds. We have 
added a considerable number of illustrations*; and ar- 
ranged and condensed, from the^excellent Chemical Dic- 
tionary of Dr. Ure, the articles on analysis of stones — 
on the vegetable creation, its chemical constitue^i^ and 
modes of analysis — on the animal kingdom and its che- 
mical relations — on the nature of soifs, with the rar^ods 
of testing and improving their character, as detailed ^y 
Davy and others, and on the constitutions and tests of 
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mineral waters. Without these additions the treatis*? 
on Chemistry would have lacked mu^h of its value as a 
practical elementary ^uide. •With these, the usefulness 
of the science is at once made manifest, and the methods 
of operating, presented in the subsequent parts, in w’hich 
the treatment of metallic ores and oljier minerals is 
described, become intelligible and of easy application. 
The nomenclature enydoyed in this department, is in 
accordance with the usage of the most approved modern 
writers. 

The tract on Metallurgy will, it is conflden 4 :ly be- 
head, be found to embrace a highly useful series of 
cl*entar3' facts and instructions, upon a department of 
science and art rabidly rising in the estimation of the 
commutiity, and.jjpo'n which hitherto very little general 
information has been diffused. The subdivisions of 
this treatise, relating to minerijil veins and mines — the 
art of mining, and that of Assaying by mechanical 
means, ^and by the dry and humid methods respect- 
ively — the metallurgic processes for reducing ores, 
with the methods of forming alloj’s, and the uses to 
which the latter are severally applictl, form so many 
highly curious and interesting topics of discussion, 
adapted alike to stimulate and'to reward inquiry. 

Ampng the branches of knowledge which now engage 
the intense interest of the scientific world, one of themost 
attractive is that which relates to the present state of the 
earth’s surface, and to the crust immediately beneath it. 
This science involves the necessity of understanding 
the phenomena and principles of chemistry, not less 
than those of mineralogy ^nd vTie laws of crystalliza- 
tion; and it leads dircctl3^to the development of those 
remarkable truths respecting the former condition and 
inhabitants of our pladet, which the study of fossil 
geology could alone impart. The freshness of these 
subjects to the minds of American students, the facility 
of ilUistrating them^in all their details by the observa- 
tion •-P'^numerous facts, and the influence of those dis- 
tinguished names among ourselves, who have become 
connected with the cultivation of these several sciences. 
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find to whose works we have made frequent reference, 
will, it is believed, insure to these treatises the attention 
which their subjects must' ever st<’ongly invite. 

However remote may seem, upon^a limilfed view, the 
connection between the study of such subjects as that 
of organic r'^mains, ani^ the direct usefulness of its 
results, yet when it is recollected that tly very nature 
of rocks, the value of minerals *Which may be expected 
to accompany them, and the ^oi!& they may aid in pro- 
ducing, aftj all indicated ^y the kinds of organic remains 
found In such rocks, it will be apparent that most us^ul 
knowledge may be derived from this study. ifldp 

In works of scienc* the style is a matter entirely 
secondary in its relation to the truths of nature deve- 
loped. Studied graces, and especially ambttiuus orna- 
ments of mere rhetoric, would, by every votary of 
science, be felt to be^i|piaccd. Neatness and perspi- 
cuity are the chief chafacteristics which such aatrcatisc 
demands; and these, it is conceived, have been ade- 
quately preserved, main);aining constantly a due regard 
to the great purpose of rcndcaing the work intelligible 
to the young, without offeiKiing the taste of the more 
mature. 

In preparing the questions for exercising the learner, 
the same view has been maintained which guid8d our 
labours in the first part of this work. We are far from con- 
sidering questions unimportant, whether we regard them 
in reference to classes in schools, to family circles, or to 
private students. The chief inquiry, in relation to their 
usefulness, seems to bOj* whether they are such as a well 
qualified teacher, familiar wiKfirhis subject, would propose 
to his scholars. We leave competent persons in the 
profession to answer the inquiry, with regard to thi^ 
division of our labour; merely premising, that though 
a vast majority of teachers probably prefer worlds fur- 
nished with this subsidiary to their instructidhs^ yet 
that such as may deem their ovi^ question!^, more 
appropriate, or more intelligible to their pupils, then 
those of the editor, will not lie under any necessity of 
resorting to these; and it is certainly anticipated that 
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none will content themselves with the exclusive use of < 
the latter. Very many of the questic^s are designed 
merely to furnish topic^^ari8ing\)ut of important truths or 
suggestions contained in the text, on which the familiar 
dissertations of the fbacher may be founded; and if he 
avail himself of the works named at th^ ^d of each 
treatise, his or^ explanations will possess a ^eshness and 
interest more captivating^ to the scholar than the pages 
of any volume, however learned or well written. 

The distinguished favouV witTi which teachers have 
received the first part of the Scientific Class Book,*’ 
hai4H|hiulatcd us to endeavour, and cncqul*agcd us to 
hope, that the present volume Tn$y not be found less 
worthy than its pr^e^essor, of their rega;;d and accept- 
ance. 



CHEMISTRY. 


1. Chemistry is the art whereby compound bodies are chang^ed 
into simple ones, or simple ones into compounds. The former of 
these processes i^ called Analysis or Decomposition, and the lat- 
ter Synthesis or Compositiont As a science, it is the province 
of Chemistry to determine the chemical relation ^ simple bodies, 
and the structure and chemical relations of compounds. Few 
of the operations of Chemistry, which are employed for the 
attainment ^f these objects,® are Sither purely analytic or syn- 
thetic ; a combination of these methods generally taking place in 
the processes ef the chemist. 

2. Different kinds of matter which are the objects of ChenritWkry, 
possess certain active pmperties, such as gravity or weight, 
cohesion, elasticiljy, expansibility, magneti%attraction, &c. All 
these properties arc but SP many differerA; modificatioiw* of attrac- 
tion and repulsion. Action, either attractive or repulsive, takes 
place between bodies situa^d. at various distances from each 
other. Thus the attractb^n Af gravitation operates {ft indcfiiute 
and immense distances ; wmle uie attraction of cohesifyi affects 
tlie particles of bodies only -when placjul in apparent contact. 
Repulsive action also takes place at different distances. Thus the 
repulsion between bodies which have been subjected to the in- 
fluence of electricity or magnetism*is sufficiently obvious to the 
sight ; and that electric or magnetic substances which repel each 
other do not touch, may easily be •perceived. The expansive 
power of heat, on the other hand, probably affects particles of 
matter nearly in contact with each other. 

15. The various phein)mona which constitute the objects of Che- 
mistry, depend on the operation of those modifications of attrac- 
tive and repulsive force, which act on particles of bodies placed at 
insensible distances from each other, and are so minute as not to 
he cognizgjlile by our senses, even when asssisted by the most 
powerful magnifying glasses. 

4. There are two species ^f attraction which affect particles of 
matter when in apparent contact The Attraction of Aggrega- 
tion, or Cohesion ; 2. The Attraction of Composition. These 

What is the olHce of chemistry, considered as an art? 

How extensive is its province as a science ? 

By what two methods are its purposes effected ? 

What are some of the active proi^rlies of matter by which itsjsh^ical 
changes are produced? » 

What is the true nature of these properties ? « 

What is the difference between gravitation and cohesive attroW 

Under what different circumstances is the repulsive action of bodies 
exercised ? ^ 

On which modifientipn of attractive and repulsive forces do chemical 
clianges depend ? • 

How many kinds of contiguous attraction exist in matter 7 
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powers both give way to the repulsive action of heat ; but the for- 
mer may also be overcome by mechanical force, which has no ef 
feet on the latter. 

5. The Attraction of Araregation^perates differently on different 
bodies, so as to produce ine various degreeS of cohesive force or 
consistence observableo^Rong them. The forms under which bo- 
dies appear are reducible to three classes, viz. : Solids, Liquids, 
and Oases or Airs. These modifications of matte’* are influenced 
by the operatioif of mechanical pressure, and the expansive force ot 
heat, which se^m to act antagonist powers to each other. 
Some kinds of matter are capable of existing either in a solid, li- 
quid, or gaseous state, under ^iffere^t degrees of atmospherical 
pressure and temperature. Thus w'ater, by the abstraction of heat, 
hejjomos changed to ice ; by the addition of heat, it- is, on the other 
hana^ changed to vapour ; and that change is facilitated or impeded 
by lessening or increasing the atmospherical pressure. Mercury 
and several other substances exhibit analogous phenomena. 

6. Many bodies, hcr.vever, commonly exist under only one or two 
forms of a^j^regation. Common air and other bodies, distin- 
guished from vapours by the designation of permanent gases, were 
formerly supposed to retain the gacec us forms under all circum- 
stances; but, from the experiments if Er. Faraday and Mr. Per- 
kins, it Ufypears that atmospheric air, carbiircttcd hydrogen, sul- 
])huretted nydrogen, sulphurous acid, carbonic acid, protoxide of 
chlorine, nitrous oxide, cyanogen, ammonia, muriatic acid, and 
chlorine, all which, under common temperature and pressures, are 
permanent gases, may be coiidensed to the liquid state by the 
ioint operation of intense cold a'nd powerful compression. How- 
ever, oxygen, hydrogen, and some other gases have hitherto re- 
sisted all attempts to reduce them to the liquid state.* Several 
dense rolids, as lead and glass, are readily melU'd by heat ; but 
there are others, as wood, which, though speedily decomposed, 
when heated with access of air, cannot be liquefied. The facts 
already stated, and others which might be adduced, still lead to 
the conclusion, that the solid, liquid, and gaseous states of bodies 
d(q>end chiefly on their respective relations to tempe'-ature and 
pressure ; and therefore the distinctions founded on those states 
or forms of matter do not furnish suffivient grounds for general ar- 
rangements of bodies in separaU. classes. 

Which of these is overcome by mechnnical means ? 

By what causes are the three forms of matter chiefly influenced ? 

(live some examples of variable forms in matter. 

What changes or fl>rni may he mentioned as solely due to the efibet of 
calori' 1 

In what instances docs the chemical chahgc of solids take place without 
liquefaction ? * 

To what causes are wo hence led to refer the several changes in the 
forms of matter ? 


* See Scientifle Class Book, pt. i. p. 180. 
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'*7. Some writers have treated of the chemical properties of gases 
Of airs as an indeper;dent branch of science, under the appellation 
of Aerology ; but the operation of bodies under their different 
forms are so intimately blended, and the'^condensatign of gases is 
so commonly the effect of chemical combiq^tions, thdt it seems by 
far most convenient not to separate Aerology from Chemistry, but 
to regard it as ^ subordinate section or subdivision of chemical 
science. • 

8. In solid and liquid substances, the powers of aiiraction and re- 
pulsion counterbalance each other ; while the latter predominates 
in gaseous bodies. Some have supposed solidity to result from 
the preponddrance of the forc6* of attraction over the force of repul- 
sion ; but this opinion seems incompatible with the well-known 
fact of the expansion of water when it becomes solid. This aMl 
some other phenordena of a similar description, clearly show that 
the action of a repulsive Jbree is not less obvious in solids than 
in fluids. They probably differ more in the^rrangement of their 
particles, than in the manner in which tht>se particljromre united. 

9. The peculiar province of Chemistry, as might be inferred 
from the preceding observatieps, is the study of the Attraction of 
Composition, or the invesiigsyion of the properties of bodies, not 
as respects their organizatidn, mechanical construction, ^rm, or 
consistence, but with a view to the discovery of their molecular 
composition, or the nature and mode of union of their component 
particles. Hence there must necessarily be a wide distinction 
between mechanical and chemical esmbination. Any substances 
may be mechanically combined by mere mixture, which occasions 
no destruction or essential alteration of the sensible properties of 
the mixed bodies : for the com'^ound formed by the union of two 
or more substances which have no chemical action on each other, 
will always exhibit their joint properties, modified, perhaffs, but 
not destroyed by their commixture. The effect of chemical com- 
bination is very different, for bodies chemically united often 
become completely deprived of the peculiar properties they 
previously^possessed, and manifest new and sometimes very ex- 
traordinary powers, totally different from those of their constituent 
parts. 

10. If water be added *jO watejp^^ or salt to salt, the effect is an 
increase of quantity, but no change of quality. In this case, the 
mutual action of the particles is entirely mechanical. Again, if 
blue powder and a yellow one, each perfectly dry, be mixed and 
well shaken together, a green powder will be produced ; but this 
is a mere effect arising in the eye, from the intimate mixture of 

rt 

In what relation to chemistry may we properly consider the depantment 
of aerology ? Why ? ^ . 

What are the relative intensities of attraction and Of repulsion m Mids, 
liquids, and aeriform bodies? 

What is the peculiar province of chemistry ? * 

What is the most important difierenco botwqpn bodies mechanically 
mixed and those chemically combined ? 
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the yellow and blue li^bt, separately and independently reflected 
from the minute particles of each; and the proof is had by exa- 
miningr the mixture with a microse^ope, when the yellow and blue 
grains will be seen separate, and each ^uite unaltered. If the 
same experii'nent be tried with coloured liquids, which are sus- 
ceptible of mixing without chemical action, a compound colour is 
likewise produced, but no examination with magnifiers is in that 
case sufficient \o detect the ingredients; the reasofi obviously be- 
ing, the exces^ve minuteness of the parts, and their perfect inter- 
mixture, produced by agitating two liquids toge^^er. 

11. ‘‘ From the mixture of t^vo powders, extreme patience 
would enable any one, by picMng cnit with a magnifier grain after 
grain, to separate the ingredients. But when liquids are mixed, 
no mechanical separation is any longer practicably ; the particles 
are so minute as to elude all search. Yet this^does not hinder us 
from regarding such a compound as still a mere mixture, and its 
properties are accordingly intermedium between those of the li- 
quids mixed. But tKls ir. fiir from being the ca!:ie with all liquids. 

12. “ 'Vt’Tien a solution of potash, for example, and another of 
tartaric acid, each perfectly liquid, are mixed together in proper 
proportions- a great quantity of soHA saline substance falls to the 
nottom of the containing vessel, whrrh is quite different from pot- 
ash or f^taric acid, and the liquid from which it subsided offers 
no indications by its taste or other sensible qualities of the ingre- 
dients mixed, but of something totaPy different from either. It is 
evident that this is a phenomenon widely different from that of 
mere mixture ; there has talcen place a great and radical change 
in the intimate nature of the ingredients, by which a new sub- 
stance is produced which had no existence before ; and it has been 
produced by the union of the ingredients presented to each other, 
for when examined, it is found that nothing has been lost, tho 
weight of the whole mixture being the sum of the weights mixed. 
Yet the potash and the tartaric acid have disappeared entirely, 
and the freight of the new product is found to be exactly equal to 
that of the tartaric acid and potash employed, taken together, 
abating a small portion held in solution in the liquid, Which may 
he obtained however by evaporation. They have therefore com- 
bined, and adhere to one another with a cohesive force sufficient 
to form a solid out of a liquid f u force which has been called into 
action by merely presenting them to each o^her in a state of solu- 

•'^lion.”* 

How does it appear that bine and yellow powders^ producing a green 
mixture retain their respective qualities ? 

In wh..t respect does tho case of two coloured liquids, susceptible only 
of mixture, and not of chemical composition, differ from that of two pow- 
ders? ^ 

G99e an example of an entire change of properties in two liquids by 
thhir mutual actions when mixed together. ^ 


* HerschelPs Discoiirsoton the Study of Natural Philosophy, pp 297, 298. 
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13. As it is the object of Chemistry to determine the composition 
of '’different substances, therefore if we could reduce all bodies to 
their elementary principles, and discover the proportions in which 
these principles must l>e combined in order to recompose such bo- 
dies, the science of Chemistry would be^’ccrnplete. ..This, how- 
ever, is far from beings the case, notwithstandfh^the extraordinary 
discoveries that have rewarded the labours of those philosophers 
who have paid attention to this important branch of knowlcdgre. 

14. Bat though we allow that much remains to be achieved by 

future experimentalists ere Chemistry cStn be said wto make any 
near approaches to perfection, yet it must be admitted, that the 
improvements which have taken plape in this science in our own 
times are of ilo common importance, since its first principles have 
been fixed on the .firm basis of experiment, and a luminous sys- 
tem, founded on facts, has superseded those obscure and hypo^ 
thetical speculatioits which occur in the writings of the older 
chemical authors. ^ 

15. Among the most important discoveries^f modern^philoso- 
phers, we may reckon those which relate to that inherent ten- 
dency which matter possesses to form new combinations. This 
property of matter gives rise te m*any of those operations^pf nature 
which we view without suirpr?vie, only because they are common ; 
and it is not less concerned id several of the most strikingi^nd ex- 
traordinary phenomena of nature and art. Thus when we procure 
light or heat by burning any conk&bustible substance, as for instance 
wood, chemical action takes place between the inflammable mat- 
ter contained in the wood, and part of'the air of the room in which 
the wood is burned ; in consequenct^ of which, a new kind of air 
is formed, the greater part of which flies off with the smoke. 
The respiration of animals affords another instance of chemical 
action. When air is taken into th^ lungs, a part of it cornbines 
with something which separates from the blood ; in dianse- 
quence of which combination, the air becomes altered in its 
'properties, as must be obvious to every one who considers that 
the atmosphere of a crowded apartment, not properly venti- 
lated, is Bodti rendered so noxious as to occasion considerable 
inconvenience, and even faintness, to those whose constitutions 
are delicate. 

16. On taking a survey of the Various bodies around us, we 
may observe, th^t some among them, which we reckon inert, be- 
cause from the influence of habit or other causes they make but a 
slight impression on our senses, are yet endowed with active 
poweis or properties, which render them capable of producing re- 


What power mi^ht enable chemists to render their science complete ? 
What constitutes the chief difference between the chemistry of m«;dern 
and that of ancient times ? ' - 

Wliat chemical principles may be considered jfM among the 
p^r'ant discoveries of modem philosophers ? 

How are those principles exemplified in the operations of nature? 

How may their operation be made sensible ? ^ 
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markable changes In other bodies. Tims water, which is insipid 
to the tongue, and which in its operation on living animals skid 
vegetables acts slowly and almost impdVceptibly, will yet, if 
placed in contact with a lump *of salt or sugar, speedily reduce 
either from the solid to^he liquid state. •Atmospheric air, though 
it is necesssSl'y for tf.e support of animal and vegetable existence, 
and gives rise to scarcely any sensations but such as depend on 
variations of temperature, yet this widely-extended gaseous body 
by its union with other substancdb, sometimes produces the most 
striking phenomena. Thus the explosion of fire-damp in coal- 
mines can only happen when the inflammable gas so called, is 
mixed with a certain portion^of common air. 

17. One of the most obvious mo^es of distinraisliing bodies is 

that which depends on their different degrees of density ; whence 
Hhe arrangement of substances into the respective classes called 
solids, liquids, and gases, already noticed. Bflt these distinctions 
cannot he advantageously employed* as the basis of a chemical 
classification of na^iral bodies, for reasons which have been al- 
ready stdFdd. Hence Some other mode of discrimination and ar- 
rangement becomes requisite, and such a one may be most properly 
derived from considering the chbmical relations of different kinds 
of matter, and the products deri^d tfroin their action on each 
oilier.^ ^ 

18. There are some bodies which by no known mode of treat- 
ment, without addition, can be ma;!e to form more than one species 
of matter ; for however they may be divided or subdivided, each 
particle still possesses the* same chemical properties with the 
common mass, from which it«vas taken. There are comparatively 
but few bodies presented to us by nature in this isolated state ; 
among the number may be menticfticd, as examples, gold and the 
diamond. These, together with all other hitherto undecomposed 
bodi&, must in the present state of chemical science be considered 
as elementary or simple substances. Were it practicable to pro- 
cure and exhibit all the elements of bodies in a detached form, 
and to trace the various compounds resulting from their union, 
Chemistry would have attained perfection, and no 'object of in- 
quiry would remain for future experimentalists. But notwith- 
standing the great acquisition of knc^wledge derived from the dis- 
coveries of our contemporaries, they have by no means enabled 
us to determine the boundaries of the field of science, but merely 
to form some conjectural ideas concerning its vast extent. 

9. No correct general knowledge of the nature and properties 

llo^ may we illustrate the chemical efficacy of natural substances gene- 
rally suf^posed inert? 

Vi^at is one of the readiest modes of distinguishing bodies ? 

Oa ^bat are the discrimination and arrangement of bodies for chemical 
misses to be founded ? 

^ What is the natural state of most bodies in re^rd to their composition 7 

What •exceptions are found to the general taw- in regard to a distinct 
and isolated condition 7^ 
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of different Bubstai\pes can be acquired without instituting comparU 
scyis between tliem, whence wo may discover the various points of 
similitude or contrast f mong them, which will enable us to arrange 
them in groups or classes, bearing certain relations to each other. 

20. For the purposes «)f chemical inquiry, the most obviously 

convenient arrangement of bodies is that in wftich thd^ are classed 
according to their composition, placing the simple bodies first in 
order, and then the compounds arising from the various combina- 
tions of the former. • 

21. According to the ancient philosoj^ers, the sigiple bodies or 
elementary principles from which all the varieties of matter are 
composed, were but four, namely. Fire, Air, Water, and Earth. 
This notion, ^fter having for ag;es fo^-med a part of the creed of 
the learned, has been completely exploded by the light of modern 
science, though it is not yet extinct among the vulgar. THfi 
alchemical writers ^f the middle ages added to these principles 
some others, as Salt, Su]})Jiar, and Mercury ; to which terms, 
however, they attached ideas very different frqjn those that belong 
to them at present, and into the nature of ^hich we sh^tri hot stop 
to inquire. 

22. Some of the alleged elements of the older chemistg are now 

known to exist only in ini'^^in^tion, and others aro ascertained to 
be by no means simple substances: thus air is found to coqi^ist of 
two ditferent elastic fluids or gaseous bodies, which may be 
separated by various proceaseq, and exhibited apart from each 
other. Water also has been ascertained to be a compound which 
may be analyzed or decomposed, so to produce two distinct 
kinds of gas, which may be separately collected, and when again 
mixed together in proper proportions, they may be made to form 
water by their union. • 

23. Other bodies, formerly esteemed simple, have yielded to 
the analytical processes of modern chemistry ; but there is a cer- 
tain number of substances which either in the state in which they 
are presented to ns by nature, or as they are procured in various 
oporaiioiis by art, have hitherto resisted all attempts at further de- 
composition, ^and which therefore, as before stated, must be re- 
garded as simple substances. Their number is not very great, 
amounting to about fifty-four, and it is not unlikely that the future 
researches of chemists may demonstrate some of these bodies to 
be compounds; at the same time, it is probable that additions 
may be made to the class of elementary s^uhstanccs in consequence 

How is a correct knowledge of the nature and pro|)erties of bodies to be 
acquired 1 

In what order is it most convenient to arrange bodies for chemical pui 
pesos ? 

How many simple bodies were admitted by the Ancients ? 

What additions to the number were made by the alcheinists? 

What has modern science proved ip regard to tk6^ SUp|tDI0d’d AlBRientar^ 
character of air,u^ wateivl 

What iiumbe»^bdt!icB are now considered simple? 
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of future discoveries, several of those now admitted into this class 
having become known to us but very recently. 

24. Some of these elementary bodies an widely and abundant- 
ly dispersed throughout the three kingdoms of nature, either alone 
or in a state of composition, while otha-s appear to be of very 
rare occurrence, or least they have hitherto been met with only 
in small quantities and in a few situations. The whole of the 
elementary substances may be arranged in two divisions : the first 
compreheiidrng those which are not of a metallic nature, the entire 
number of which now lyiown amounts to only thirteen; the re- 
maining forty-one elementary bodies are all regarded as metals, 
though some of them exhibit properties ditlering considerably 
from those which characteriw gol<H silver, mercury, iead, iron, and 
other bodies, to which the designation of metals was originally 
applied. 

25. The following table exhibits a list of sUI the elementary or 
simple bodies hitherto discovered, di'dded into these two classes, 
iianicdy, the non-metal lie elements and the metals ; to which are 
annexed. /he namel^ of those chemists by wKom they were dis- 
covered, or by whom their elementary nature was first ascertained, 
and the date of the discovery. 

TABLE OF SIMPlA i^BSTANCES. 


1 Oxygen . . 

2 Chlorine . . 

3 Iodine • • • 

4 Bromine . • 

5 Fluorine . . 

6 Hydrogen . 

7 Nitrogen . 

8 Carbon 

9 Boron . • . 

10 Silicon . . 

11 Phosphorus 

12 Sulphur 

13 Selenium • 


{ 


. Non^mtiallic Elements. 

D«cov4re™. D^covejr 

Dr. Pfiestly, in England; and ^1774 
Schedle, in Sweden ... j ^ ^ 

Scheele, in Sweden 1774 

Courtois, ill France 1811 

Balard, in France 1826 

Properties first accurately investi- 
gated by Scheele ; but it has never 
been exhibited in a separate state. 
Cavendish, in England .... 1766 

Dr. D. Rutherford, in Scotland ' . 1772 


. Sir H. Davy, in England 
. Berzelius, in Sweden 
. Brandt, at Hamburgh 

o 

. Berzelius, in Sweden 


1807 

1824 

1669 

1818 


Into how many and what divisions are simple bodies at present distin 
guiali&d 7 

What is the number of non-metallic elements 7 

By whom and at whr.t period was the existence of oxygen discovered! 
Briisali^J) 7 Chlorine 7 Iodine 7 Nitrogen 7 

Who investigated the properties of fluorine ? 

Who^ discovered hydrogen? Carbon? Boron? Silicon? Phosphorus? 
Selenium ? 
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H Potassium . , 

15 (Sodium . • < 

16 Lithium • . . 

17 Baryum . . . 

18 Strontium • . 

19 Calcium . • . 

20 Magnesium . 

21 Aluminum . • 

22 GlucinuTa • • 

23 Yttrium . • • 

24 Zirconium . . 

25 Thorium . . - 

26 Cerium • • • 

27 Tellurium • . 

28 Arsenic . . . 

29 Antimony . • 

30 C’Jhromium . • 

31 Vanadium . . 

32 Uranium • • 

33 Molybdenum 

34 Tungsten . • 

35 Columbium • 

36 Titanium • . 

37 Iron 

38 Manganese . 

39 Nickel . . . 

40 Cobalt .... 

41 Zinc 

42 Cadmium • . 

43 Lead • • • • 

44 Tin 

45 Copper • • • 


Discoverers. 

II. Metals. 

^ Sir H. Davy, in Ei^gland 

C Oxide discovered by Arfveds^n, in 
i Sweden 


Date of 
Discovery 






1807 

1818 


Sir H. Dkvy, in England 


1808 


{ 


. . • lyyy 

►wn 


Bussy, in France 1829 

. Wohler^ in Germany 1828 

C Oxide discovered by Yauquelin, in 7 

^ France 3 

C Oxide discovered by Gadolin, 

\ Sweden 3 

. Berzelius, in Sweden 1821 

. Berzelius ^ a 

Mosander, in Sweden . • •*'. 1804 

Klaproth, at Berlin 1797 

ppears^ to have been known 
Paracllsus, in the 16th century 
but Itrst accurately examined 
Geo. Brandt, in Sweden . . 

Known tc Basil Valentine • about 1450 
. Vauquelin, in France .... 1797 

• Sefstroin and Berzelius, in Sweden 1830 

. Klaproth, at Berlin 1789 

CScheele, in Sweden 1778 

< Reduced Ito the metallic state by 7 , 

C Hielm 3 « ^ 

. MM. D’Elhuyarts, in Spain . . 1781 

pOxide discovered by Hatchett, in ”7 
J England ; and by Ekcberg, in Cl801 

f Sweden 3 

^.Reduced by Berzelius .... 1824 

. Vauquelin, in France .... 1796 

• Knowiwfrom time immemorial 

. Gahn, in Swolen 1774 

. Bergman, in Sweden 1775 

• Brandt, in Sweden 1733 

. Henckel mentions its reduction in 1721 
. Slromeyer in Germany • • • • 1817 

• Known from time immemorial. 

Do. 

. Do. 


What metallic bodies have been discovered by Sir. II. Davy? uy whet 
philosopher wsis aluminum discovered ? How early was arsenic known ? 
Which of the metals have been known from the earliest ages of history ? 
How long has zinc been known as a ditinct mei^l ? 

B 2 
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4G Bismuth . . • . 

47 Mercury . • • • 

48 Silver . . • . . 

49 Gold 


Discoverers. 

Mentioned by Geo. Agi^cola 
Known from time immemorial. 


Dateof 
DiNc*over)e 
about 1530 


Do. 


Do. 


60 Platina . . . { ^ 

51 Palladium . . . Dr. Wollaston; in England . . . 1803 

52 Rhodium ^ . . The same 1804 

54 o"mh?S^ *. : : }Tenant, in England 1803 

27. As some of these elementary bodies enter into the compnsi- 
ti^ of a vast variety of substances of common occurrence, and 
as It is impossible intelligibly to describe chemical phenomena 
without the frequent mention of them, or allusion to their proper- 
ties and modes of action, some short notices of them may here be 
advantagejU4Bly inlro^ac^, previously to a review of the laws of 
chemical affinity, and a more extensive description of the simple 
bodies in general, and of the most important compounds arising 
from their relative action upon each other. We shall thus avoid the 
necessity of repeated explanations of the eaturc of these bodies each 
time they are mentioned, or the still greater inconvenience of 
referring to the properties and effects of substances with which 
the reaaer may be supposed to be ufiacquainted. 

28. Among the thirteen non-metal lie elements there are some 
which at all common temperatures exist only in the gaseous state, 
while the others at moderately *iow temperatures are solids. The 
first and most important of the elementary bodies is that called 
Oxygen, from two Greek words, denoting the power of producing 

because it was formerly thought to be the universal acidify- 
ing principle, though it is now known that there are many acids 
in which oxygen is not contained. One of the grand characteris- 
tic properties of this gaseous element is that of being a most 
powerfiil supporter of combustion, so that most inflammable 
bodies burn in it rapidly and brilliantly. Its more p^.culiar pro- 
perties will be subsequently described ; and we shall only add 
here that it unites with all other elementary substances (except 
possibly fluorine), and with maky of them in various proportions. 

29. Nitrogen or Azote is also a gaseous body, the mixture of 
'which with oxygen in certain proportions constitutes atmospheric 
or common air. The name azote, derived from tho Greek, im- 
plies its beinjT improper for the purpose of respiration, as animals 
confined in this gas soon die. It is therefore owing to the oxygen 

JBy .whom and at what period was platina discovered ? In what two 
states do^the non-metallict bodies exist? What is the origin of the term 
oxy^-n f What is one of the characteristic properties of oxygen ? 

How extensive is its power of combining with other elementary bodies 7 

In what state does nitrogen exist 7 

Into what well known fluid does it enter as a constituent 7 

Why is it called azote^7 Whence is the term nitrogen derived 7 
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contained in atmospheric air that it is capable of supporting animal 
liTe, fur none of the higher classes of animals can exist long in any 
kind of air which dohs not contain oxygen. 

30. The term Nitrogen has been applied to the gas now under 

notice, in coiiseqiience^of its being foiinS to be a constituent part 
of nitric acid, or as it is vulgarly called, a^ia fortis, which is a 
chemical compound containing a very large proportion of oxygen 
united to the nitrogen. There are also other compounds of 
oxygen with nitrogen, amon^ which may be mentioned that 
sometimes called nitrous oxide, and ^hich, though it contains 
more oxygen than atmospheric air, may yet be breathed for a 
time with safety ; but it procyices yery remarkable eifects when 
thus used, generally occasioning a state of excitement somewhat 
similar to that caused by drinking wine or spirits, and hence it 
has been popularly named intoxicating or laughing gas. Nitrog^ 
enters largely intt> the composition of most kinds of animal 
matter. • 

31. HvDRonEN is likewise a gas, b^in^ that which when 
combined with oxygen forms water, as its name, whicir'*is derived 
from the Greek, implies. It was, when first discovered, called 
phlogiston, and inflammahle. air. The former of tly^se terms 
was attached to it in cons«|u^ce of an erroneous opinion, at one 
period generally adopted by Chemists, that all metals wetie com- 
posed of various kinds of calces or earths, each respectively 
united to an infianimable prin^ple named phlogiston. Now as it 
was observed that when any metal becomes dissolved in a diluted 
acid, as when iron or zinc are thus^treated with sulphuric acid 
and water, inflammable air was sflways given off daring the 
process, it was conjectured that the air in question was derived 
from the metal; though it is*now known that, in the case pro- 
posed, it -dtM/o from the decomposition of the water with yhich 
the acid is diluted, and that this sort of air never makes its 
appearance in the course of such metallic solutions, unless water 
or some other body containing hydrogen he present. This gas, 
though higlily inflammable when mixed with oxygen, and some 
other simple and compound gases, yet is incapable of supporting 
combustion^ for if a burning body, as a lighted candle or match, 
be introduced into it, the flame will be immediately extinguished. 

32. Hydrogen enters into comlRiiation with most other sub- 
stances, producing many remarkable compounds, among which 
may be mentioned that formed by it^ union with nitrogen ; the 
result of which is an alkaline gas, formerly called volatile alkali, 

In what other ibrm besides that of atmospheric air may nitroren be 
inhaled ? • - 

Into what class of organised bodies does nitrogen enter ? 

What is the meaning of the word hydrogen f 

By what name was it called at the time of its discovery ^ ^ 

From what error did this application of the name phlogiston proceed ? 

What more recent observation has enabled chemists to correct the error ? 

What U the power of hydrogen in regard to combustion ? 
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aiidl now ammonia. This compound which at common tempera* 
tores exists only in the state of is rapidly absorbed by wate ; 
or spirit of wine, communicating to it a peculiar pungent odour, 
with which most persons are familiar, as belonging to spirit of 
hartshorn anci^ smeliinfr sUts. ^ " 

33. Chlorine is the fust of the simple bodies existing in a gaseous 

state at common temperatures ; but, while those already mentioned 
are not only transparent but colourless, this gas exhibits a yellow- 
ish-green tint, whence its name chfbrine.* It was originally ob- 
tained, by Schtf?le, from the decomposition of muriatic acid, or 
spirit of salt, in which he found it combined with hydrogen, then 
called phlogiston ; and therefore he^ gave to the newly-obtained 
gas the name of dephlogisticated marine acid. It «was subse- 
quently supposed -to be a compound of muriatic acid, and oxygen ; 
b&t Sir H. Davy ascertained its real nature, and gave it its present 
name. ' 

34. Chlorine unites with many other simple and compound 
bodies, forming with . je^ipral of them acids ; and in other respects 
it exhibits^chemical properties analogous to those of oxygen, 
being like that gas a supporter of combustion. It is largely dis- 
persed throughout nature, but alwayc} in a state of combination, 
as in sea-water and rock-salt, or that^prccured from brine springs, 
in whic{ it is united with the metal sbdium. This gas is by no 
means adapted for respiration, and when mixed with much atmos- 

S heric air it still proves highly irri^aUng, provoking cough and 
eduxion from the nostrils. As it combines rapidly with many 
other gases, it has been found useful to purify air loaded with 
infectious miasmata. It is on <:his account that the chloride of 
lime, in solution, is used to sprinkle the floors and walls, of 
rooms, and to purify clothes and other articles, which have been 
tainted by putrid or infectious vapours. Chlorino has also a 
powerful effect in destroying vegetable colours, and the chloride 
of lime is therefore extensively used in the process of bleaching 
linen cloth and other substances. 

35. The four preceding bodies, oxygen, hydrogen, nitrogen, 
and chlorine, exist at common temperatures and pressures only 

What may be mentioned as among the <Vemarkable compounds of hy- 
drogen ? 

By what properties is that compound familiarly known ? 

What method was employed by Scheele for procuring chlorine 7 

What name did he apply to it f 

What was afterwards supposed to be its nature ? 

Who investigated its character and gave it the present name 7 
Whatiproperties does it exhibit in common with oxygen 7 
Ho^iV does chlorine exist in nature ? 

What are among its reffiarkable properties ? 

^ - 

♦ CKtoTi, in French, — ^from the Greek , the green colour of young 

herbage. 
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as There are other suhstanoes, as. Tor instance, carbon 

'^charcoal), and the more rare bodies, called silicon and boron, 
which are found only in the solid state; and some, like iron and 
most of the metals, though usually solid, become liquefied at 
respectively various Hmperatures ; and^ there is still another class 
of bodies capable of existing under the O^ee se^ral forms of 
aggregation. Amorig these last are sulphur, phosphorus, and 
the substances called bromine, iodine, and selenium, which are 
of less frequent occurrence. * 

3b. C\RRON is a solid body, hitherto undecomnosed and there- 
fore supposed to be elementary, which enters largely into the 
composition of most substances belonging to the animal and vege- 
table kingdoms, and which Also fcA'ma the basis of many of the 
combustible minerals, as bitumen, coal, plumbago, and amber. 
In the form of charcoal, procured by charring, or distilling ws*h- 
oiit the access ofsair, wood and some other substances, carbon is 
obtained in a separate st^te, or merely intermixed with small 
portions of earths^ or salts; and it exists inj|i state of the greatest 
purity in the diamond ; for it has been ^iscertained -by chemical 
investigation, that the diamond, when exposed to a very high 
temperature, and especially if confined in oxygen gas, will burn 
like charcoal, exhibitingjthe^ame product ; that geiii consisting 
entirely of crystallized carlpon. , 

37. With most of the simple substances carbon constitutes a 
variety of compounds, among the most important of which are 
those arising from its union with oxygen, with vi^hich it forms 
both an oxide and an acid : the latter, called carbonic acid, is 
the gaseous body formerly known J)y the name of fixed air, which 
is abundantly produced in the combustion of vegetable matter, in 
the respiration of animals, and in other processes. In conse- 
quence of its strong afiinity for oxygen, carbon, or rather sub- 
stances containing it, are generally used for the purpose o? reduc- 
ing iron and other metals from their ores, in which they are 
frequently combined with oxygen. The combinations of this 
body with hydrogen are extremely numerous, forming the bases, 
of vinous ^^pirits, oils, resins and a great variety of other vegeta- 
ble products. 

38. SiLicojx is never met^with in nature in an uncombined state. 

What three substances have been separately procured only in the solid 
stnifl ? ^ 

Wliat siiliRtances assume all the three forms of matter under diflerent 
eircunisiariceH ? 

In bow many departments of nature is carbon distributed? 

In what fijrm docs it exist in the greatest purity? 

How is this proved ? 

What different com|M)unds docs it form with oxygen ? 

By what name was curtKinic acid formerly known ? 

Why is carbon used in the process of smelting metallic ores? 

What are some of the compounds of carbon with hydrogen ? 

How is silicon found in nature ? 
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but by its union with oxygen it forms silica, or siliceous earth, 
which in the various states of flint, quartz, rock crystal, and other 
analogous bodies, is dispersed in great abunclance throughout the 
mineral kingdom. This substance when pure is a dark brown 
powder, which when firs% discovered was* supposed to be of a 
metallic natuil: ; but ap it exhibits none of the lustre of a metal, 
and is a noncond ucter of electricity, it has with propriety been 
placed in the class of non-metaliic elementary bodies. It unites 
with several other substances, forimng compounds, the most im- 
portant of whic]}, next to the oxide of silicon, (silica,) is the pro- 
duct of its union with fluorine. 

39. Boron is the basis of the acid called boracic acid, which 
in combination with soda or ifiinerat alkali, produces^ the saline 
substance named borax, frequently used both in medicine and 
ilm arts. Boron is an olive-brown powder, destitute of taste or 
smell, which enters into union with some of th» metals and other 
elementary bodies ; but its combinations are of little importance, 
except that which it^rms with oxygen (boracigiacid.) 

40. Sulphur is one of^«.he few elementary substances which are 

found in nature in an uncombined state ; and it also often occurs 
in union with other substances. It is met with in large quantities 
in the-neiglTbourhood of volcanos; aCid produced abundant- 

ly in thg^island of Siglly, it is brougm as an article of commerce 
from the Mediterranean. This substance, hitherto undecomposed, 
and therefore regarded as elementa|y, occurs in two forms, that 
of a light yellpw powder called flowers of sulphur, and that of a 
compact solid of a greenish-^traw colour, sometimes called roll 
eulphuf. The general properties of sulphur in both these forms 
are well known. 

41. Sulphur combines with invest other bodies, forming a 
variety of compounds; the most remarkable of which are those 
arising from its union with oxygen and hydrogen. It forms 
several oxides and acids, and one of the latter, sulphuric acid, 
oil of vitriol of commerce, is much used both alone and in combi- 
nation, for medical and technical purposes. With hydrogen, sul- 
phur forms a peculiar gas, which has some of the properties of an 
acid ; and which is given off during the putrefaction of animal 
substances, causing a peculiar offensi^ smell, resembling that of 
rotten eggs ; it was formerly cqjlled hepatic air. 

42. Phosphorus, like sulphur, is a solid but readily volatile 
^ubstance ; but is never found in nature in an uncombined state. 

What are some of its compounds with oxygen ? 

What^are some of the properties of silicon ? 

What ace the distinguishing characters of boron? 

In what connexion with other substances is it usually seen in commerce ? 

How dpes sulphur exist in nature ? 

Wffat are its most usual forms when prepared for the arts ? 

With what bodies does it form the most important oi* its compounds? 

By wha^. name was sulphuretted hydrogen formerly known ? 

In what condition is phosphorus found in nature ? 
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Some of its compounds occur occasionally in rnineral substances , 
bat it is most abundantly contained in certain animal fluids and 
solids, and especially in bone, from which it is usually obtained 
for experimental purposes. Phosphorus is found in the shops in 
the form of small cylinders, semi-transparent, and nearly of the 
consistence of wax, internally of a reddisn or flesff colour, but 
coated with a white film, arising from its partial decomposition. 
It so strongly attracts oxygen from the air as to become slowly 
decomposed at a very low teTnperature, and hence it is usually 
kept under water. With oxygen it forms two acidn>, one of which, 
the phosphoric acid, in combination with lime or calcareous earth, 
constitutes the basis of bone^ It unites with hydrogen, to form 
an inflammable ^s ; and it also enters into combination with 
various other bodies. 

43. Iodine is a bluish-black or violet-coloured solid, havin^k 
metallic lustre. Tc is contained in sea-water, and in some marine 
productions, as seaweed and sponge; and it is supposed that 
burnt sponge, which is used in medicine, o^^es its vir.tues to the 
presence of iodine. This body, like oxygen and chlorine, is not 
Itself combustible, but is a supporter of combustion. It unites with 
various other simple substances ; and with oxygen and chlorine, 
it forms respectively acid compounds. 

44. Bromine, like iodinS, is a marine production, a^'d it is 
usually procured from the refuse liquor obtained in making sea 
salt. Its common form is that of a cloudy red liquid, having a 
very disagreeable smell and tase. It is one of the supporters of 
combustion^ and enters into union with various simple bodies, 
forming acids both with oxygen and chlorine. In many respects, 
it bears a strong analogy to iodine, and has been supposed to be 
a compound of that body with* chlorine ; but there appears to be 
sufiicient evidence of its elementary nature. 

45. Fluorine is generally regarded as an elementary *body, 
thpugh it has never yet been exhibited in a separate state, in con- 
sequence of its powerful tendency to form combinations with all 
known substances. Some of its compounds enter into the com- 
position of certain minerals, among which the best known is that 
called fluor spar, found in Derbyshire ; and which, from its 
beauty and the facility with, which it may be cut and polished, is 
frequently used for making chi’.iney ornaments and for other 
purposes. Among the artificial compounds of fluorine, one of 

From what source is it usually obtained ? 

In what form and consistence is it commonly found in commerce ? 

What are its important sensible properties f 

Why is it usually kept under water ? < ^ 

Witn what other ingredients is it combined in the bones of animala ? 

What is the colour of iodine ? 

How IS this substance related to the process of combustion ? 

With what substances does it unite to form acids ? 

Why cannot fluorine be exhibited in a separate state ? 

In wh^ natural bodies is it found? 
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important is that which it forms with hydrogen, called 
hydUitihioric acid, which has the property of^corroding gla^. ^ 

46*. Selenium is a reddish-gray solid, obtained from pyrites, 
and in many of its properties resembling sulphur, being like that 
body readily combustibls. It has hitherto been found only in a 
few places, Aid in small quantities. It forms acids in combina- 
tion with oxygen ; and it also unites with hydrogen and chlorine, 
and probably with other elementary substances. 

47. Metals. — ^The metallic eleAients, as already observed, dis- 
play great div^sity as to their general appearance and properties ; 
and there is, on the other hand, so much similarity between some 
of these bodies and some of non-metallic elements, that their 
distinction becomes difficult and inconsiderable. Hence some 
chemists have hesitated as to the proper mode of classifying cf r- 
Uiin substances. Silicon and selenium have both been regarded 
as metals; and among the bodies which have been always admit- 
ted into the first class, there is not tfny perhaps which so much 
resembles the metala^s carbon, in that state of Aggregation which 
constitutes charcoal. ^ 

48. The elementary or simple substances, metallic and non- 
metallic, hAve so many points of analogy as to render it impossi- 
ble to form a systematic arrangemegfof ihem, adapted for practical 
purpos^, which may not be Irable to^ohjection. In this as well 
as in otlier cases, nature seems to display a variety of bodies not 
capable of being separated into ordsrs or sections, strikingly con- 
trasted with each other, but throughout the whole a gradation ap- 
pears to take place ; whence^ may be deduced a chain of simple 
bodies, variously connected wkh each other : those that in some 
respects obviously appear to be members of different classes, 
approaching nearly together in obtain of their properties and 
modes of action. However, the usual arrangement of the simple 
hodie4 into metals, and those which are not metals, may be con- 
veniently retained, as affording jierhaps the most generally appli- 
cable method of distinguishing them. 

49. It will be unnecessary to notice separately each of the 
metallic elements, as we have done those of a non-metaHic nature ; 
because several of them are, as to their general properties, familiar- 
ly known, being used either in a stat^ of purity, or combined one 
with another (forming simpler or compound metals), fur many 
common purposes. Thus iron is the usual material fcir the con- 
struction of a vast multitude of instruments and utensils for 

What compound have chemists prepared from duorinh and what is its 
use ? 

What are the properties of selenium ? 

KrqpiSfdiat suostances is it obtained ? ^ 

Which of the bodies already described have been sometimes reganicd 
as melals ? 

WJiat appears to be the probability of arriving at a perfect classiiicarioB 
of ^bodies on the basis of distinct peculiarities ? 

What circumstance renders a minute description of the properties of 
metals unnecessary 7 
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domestic and other purposes; gold, silver, afid copper, have 
bet||i long employed ip making ihe coin current in all civilized 
countries ; lead is used in sheets for covering the roofs of build- 
ings, in tubes for making watcrpipcs, and on many other occa- 
sions; mercury is well •known as remaining fluid at a lower 
temperature than any other metal, or indeea than almost any other 
liquid : and it is therefore used in the construction of thermome- 
ters and other philosophical instruments. Zinc is often used in 
combination with other rnetals, a% with copper in the manufacture 
of brass, and it is likewise employed alone, instead of lead, for 
covering houses ; and tin is not onlv of general utMity for coat- 
ing other metals, as in making tin plate, but also in its combina- 
tion with copger forming bronze or bdl 1-metal. 

50. Perhaps the metals may be most properly characterized 
with reference to their power as conductors of electricity, which, 
belongs to all of thqpi in*a high degree. This, however, is not 
an exclusive character of ^he metallic elements, for carbon 
(charcoal) is also a good conductor of electricity, and in this 
respect it more nearfy corresponds with t^p ftietals than silicon 
or selenium, which are non-conductors. Among the acknow- 
ledged metals there are many which differ greatly from the more 
common metallic bodies, in bediig neither malleable nor^ductile : 
such are antimony, arsenid^, and manganese. There are 

others which are distinguished by having a very strong sSffinity 
for oxygen; so that at low temperatures they decompose atmos- 
pheric air or water, uniting with the oxygen in thoB*3 bodies to 
form metallic oxides ; as is found to be the case with the metals 
which Sir H« Davy discovered to be tRe bases of potash and soda. 
Therefore when these metals, named potassium and sodium, are 
obtained from the decompositioi^of their respective oxides, potash 
and soda, the metals thus formed can only be preserved by keep- 
ing them immersed in ether, which does not act on them. # 

5t. Henco it appears that those bodies formerly termed fixed al- 
kalies arc metallic oxides : and this is also the case with the differ- 
ent earths ; thus calcium is a metal which combined with oxygen 
forms calca«*eous earth or lime, a substance which abounds 
especially in the animal and mineral kingdoms of nature. The 
earth called barytes is an oxide of the metal baryum; strontites 
is an oxide of the metal strontium ; magnesia, in its pure state, 
commonly called calcined mamesfa, is an oxide of the metal 
magnesium ; and alumine, argulaceou.<* earth or pure clay^ is an 
oxide of the metal aluminum. The more rare kinds of earths. 


In what manner is zinc extensively employed ? 

In what different ways is tin applied to other metals ? ^ 

According to what characteristic property have the metals been%uaJSed 
by Sir H. Davy. ^ • 

For what remarkable property are potassium ancisodium distingiushed ? 
What is the true nature of the bodies formerly called fixed alkalies 
earths ? 

In what respect docs silicon differ from the other earths ? 

C 
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called yttria, glucina, zircon, and thorina, arc also metallic 
oxides ; and it has been already staled that silica, pure 8ilic*,eoiis 
earth, is au oxide, though its basis, silicon, is not a metallic 
body. 

^ Chemical 

53. That’ property of matter which occasions the combination of 
heterogeneous bodies, is the cause of the principal phenomena of 
chemistry, and is therefore called Chemical Affinity or Attraction. 
It is also sometimes termed Elective Attraction, and the Attraction 
of Composit^n, to distinguish it from (llohesive Aggregative At- 
traction. This interesting subject was first systematically studied 
in France by M. Geoffroy, ij/ho fanned a table of elective attrac- 
tions. Ber^mann in Sweden, Kirwan in England' Berthollet in 
France, and Richter in Germany, afterwards paid particular 
(Attention to this branch of science ; and the subsequent labours 
of Dalton, and Sir H. Davy, and of the illustrious Berzelius, Gay 
' tiUSsac, Thenard and others, have^made vast additions to our 
knowledge, conceding this fundamental branch of chemical 
science. 

53. Chemical Attraction may be defined to be that energy, in 
conssqu€rnce of which, different kinds of matter unite to form 
compounds having properties often difssimllar from those of tlieir 
comp/^nent parts, so that the result'of chemical combination can 
only DO ascertained, at least in the first instance, by experiment. 
Thus, if iron filings be dissolved in sulphuric acid, or as it is 
commonly called, oil of vitriol, a snbstanco will be produced 
bearing no kind of resemblbnce to either of its component parts, 
called by chemists sulphates of iron, and vulgarly copperas, or 
green vitriol, which is a greenish^ semi-transparent, crystallized 
substance, having nothing of the appearance of the metal, nor 
of the sour taste of the acid. Acetic acid, or the acid of 
vine^r, in the same manner dissolves copper, and constitutes 
with it the blue effiorescent salt called verdigris. Caustic vege- 
table alkali is a deliquescent substance, which, as its name im- 
plies, corrodes flesh ; and sulphuric acid, already loentioned, is 
a liquid which, when concentrated, acts much in the same man- 
ner on flesh, but from the union of these bodies, so destructive to 
animal matter, results the chemicalo compound, sulphate of pot- 
ash, a salt which, whether SQlid or dissolved in water, does not 
act on the skin, and may be swallowed with safety, being used 

'■ What causes the principal phenomena of chemistry ? 

By whom has the subject oi chemical attraction been extensively culti- 
vated ? 

In what manner may its results be ascertained ? 

\]7hat,eilect on the sensible properties of the ingredients is often pro- 
din^ by chemical composition? 

What examples illust'rate this point? 

^C«ow uoes sulphuric acid affect the skin ? 

What effect does caustic potash produce upon it? 

Whatjs the operation of sulphate of potash on the living flesh? 
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like the somewbat similar compound, sulphate tfT soda, (Glauber 
saU,) for uierlicinal purposes. Sometimes two liquids, or gaseous 
bodies, by their union, form a solid compound. Thus the gas 
that rises from spirit of hartshorn, called by chemists ammonia, 
and muriatic acid gas, if^mixed together in an empty jar, become 
coiulensed into a white saline solid, callea irfhriate of aiuiuoiiia, 
or Sdl-amtiioniac. 



niently exhibited, is presented in the above figure, wber# two 
retorts, S and L, are connected with a glass globe, by means 
of two iuhitlurrs^ into which ’ their necks respectively pass 
until tlujy nearly meet in the centre. The apparatus being 
thus prepared, we put into L a mixture of dry slaked lime and 
sal-ammoniac in fine powder. Into Ihe retort S put a quantity of 
common salt, sufficient to fill one-third of the bulb. Place the 
globe on its support, apply a moderate heat to L, and pour sul- 
phuric acid upon the salt in S. Close both retorts, and^the 
gaseous ammonia from L will combine with the muriatic acid 
gas from S, forming in the globe a dense white cloud or solid 
substance, the muriate of ammonia. 

55. The phenomena of C/hcmical Attraction are regulated by 
the following laws : 

(1.) This attractive force is exerted in different degrees by 
different bodies. • 

(2.) It operates only on very mimite particles of bodies; and 
hence chemical action is promoted by previous solution, trituration, 
or other mechanical methods of divisiorf and intermixture. 

(3.) When bodies combine, an alteration of temperature gener- 
ally takes place, sometimes with the exhibition of light. 

(4.) Bodies which have an attraction for each other, are always 
found to display opposite states of electricity. ~ • 

What is the first law of chemical attraction ? • . ^ . 

What is the ofiEect of mochunical division on the chemical oomDliiatiaa 
of bodies? • 

What sensible phenomena usually accompany chemical changes J 

In what relative electrical stuies are two cumoining bodies always found? 
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(5.J All bodices arc composed of certain atoms or molecules, and 
chemical combination consists of the union of one or more stQms 
of one of the uniting bodies, with some determinate number of 
atoms of the other uniting body. 

(6.) Chemical attraction takes place in three different modes : — 
[1.] WJieu one simple body is presented to another, for which it 
has an afTjnity, a union lakes place, and a compound is formed. 
[2.] If a simple body, A, be presented to a compound, B C, 
and if A have a stronger affinity for B than C has, the compound 
B C will be decomposed, and a new compound, A H, will be 
formed. [5,.] If a compound A B, be presented to another com- 
pound C li, though neither A nor B alone would decompose C I), 
yet a mutual decompositi€)n may take place between the twm 
compounds, and occasion the formation of two net^ compounds, 
A D and C B. The first and second modes of attraction are 
styled instances of simple affinity, or simple elective attraction; 
and the last mode is styled compound affinity, or compound elec- 
tive attraction. 

(7.) All compoKfids, when they enter into -anion with other bo-' 
dies without being decomposed, act in the same manner as simple 
bodies. 

5f5. These laws of Chemical Attraction may be exemplified 
and illustrated in the following manner : 

The first of these laws constitutes the foundation of the 
whole science of Chemistry. The ensuing examples show tho 
manner in which it operates. 

If thin plates or filings of copper be mixed with sulphuric 
acid, (oil of vitroil,) on the. application of heat the metal will bo 
dissolved. The acid thus united to the copper will form a salt, 
called sulphate of copper, (blue vitriol,) which might be ob- 
tained from the solution by evaporation and crystallisation. If 
to this solution be added iron wire, or thin platos of that metal, 
the sulphuric acid will leave the copper, and combine with the 
iron. As the latter dissolves, the former, separating from its 
union with the acid, deposits itself on the iron plates, so that they 
become covered with a thin film of copper, but when the. iron is 
all dissolved, the copper having nothing to support it, will fall to 
the bottom of the containing vessel, in a pulverulent form. The 
clear liciuor, being decanted, will therefore be a solution of sul- 
phate or iron (green vitriol.) If to this solution filings or frag- 
ments of zinc be added, tlie iron will separate by degrees from 
the liquid and fall down^ as the copper previously did, leaving 

What law appears to regulate combination in regard to the numbers of 
ultimate particles ? 

In Jiuw' many mid what diffcroiit modes may chemical attraction take 
place/ 

^ wliat manner do compounds act w-hen their exercise of chemical at- 
traction is not altendeci by their owrn d erom posit ion ? 

yn what manner is llio first law of chemical attraction illustrated by 
vopper and sulphuric acid ? 

\Vhu( is the resulting conqiound called ? 
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th^ zinc in solution, forming with the acid, sulphate of zinc, 
(while vitriol.) If to the solution of sulphate of zinc, bo added 
water of ammonia, (|uire volatile alkali,) the acid will quit the zinc 
to unite with the alkali, the metal will be piecinitated , and the clear 
liquor being decanted, will be a solution or sulphallb of ammo- 
nia. Add to this liquor quicklime, which substance will combine 
with the acid, and separate it from the ammonia, but the new 
compound of sulphuric acid aftd lime, thus formed, will not 
remain in solution, but will be precipitated, or fall^down, in the 
form of a white powder, called sulphate of lime, (gypsum,) while 
the ammonia, freed from the acid, remains dissolved in the water, 
from which k may be expelleS by neat, in the form of a gas. 
If the sulphate of lime be separated from the solution by filtering, 
and thrown into water containing caustic potash, a new decom'^ 
position will take piace, the sulphuric acid leaving the lime, and 
uniting with the potash. The sulphate of potash (vitriolated 
tartar) thus forme(^ will remain in solution n^hile the pure lime 
becomes precipitated in the state of a i^hite powder, and the 
sulphate of potash may be obtained, in a crystalline form by eva- 
porating the clear solution, after pouring it from the lirri^. 

57. This succession of dc^tom positions shows that iron possesses 
a stronger attraction for sulplfUric acid than copper, zinc thajg iron, 
ammonia than zinc, lime than ammonia, and potash than lime. 
Numerous experiments of a similar kind might be adduced, which 
would equally serve to show the relative attractive powers of 
various substances. It appears from the preceding experiments, 
that the decomposition oi a substaiice dissolved in a liquid, is 
sometimes accompanied by the falling dowm of the newly formed 
substance, and sometimes by tlfat of the body separated from the 
original compound. In this case the body added to produce the 
decomposition is called the precipitant^ and the substance tlffown 
down the precipitate ; the process itself is sometimes termed j>rc- 
cipitation, 

58. (2.) The extreme minuteness of the elementary molecules of 

bodies from*the union of which chemical compounds are formed, 
appears from the entire change of sensible properties resulting 
from such combinations. as already stated, the human eye, 

assisted by the most powerful microscopes which have ever been 
constructed, often cannot detect in a chemical compound the 
slightest vestige of the colour of either of its component parts ; 

% 

By what means may the copper be reproduced in its metallic state ? 

What will then be the nature of the liquid obtained? 

In what manner may the iron in this solution be reproduced ? 

What may next be employed to separate the zinc ? 

ITow may ammonia be freed from sulphuric acia ? 

Will this like ihe metals undergo precipitation ? 

How may the seiiaratiuii of lime from the same acid bo eflected f 

What general truths may we deduce from this series of operational 

What term is applied to the body whic;h produces precipitation t 

What name is given to the substance thrown down ? 

c 2 
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but when substances are mechanically mixed, the respecti^ 
colours of the in^edients of the composition may sometimes be 
traced, as when variouBl3'’-iinted powders are triturated tog«Hher ; 
or if the mixture is iuq|e complete, as wjien two liquids, for in- 
stance, ink tnd water, are shaken together in a phial, though 
the whole mass will exhibit a uniform appearance, it will be 
merely a modification of colour, arising from the dilution of the 
ink by the aqueous fluid. « 

69. Some philosophers have ascribed to matter the property 
of infinite divisibility. But though matter may be conceived to 
be indefinitely capable of being divided, and though it may even 
be proved by geometrical d^nonslvation, tijat a of a given 
length may be made to undergo unlimited subdivision, yet there 
i# reason to believe that those bodies with w^hich chemistry is 
conversant, are formed of indivisible atoms.^ Matter, then, or 
rather space, is metaphysically an|} mathematically, but not 
physically, capable of beincj infinitely divided. 

60. It IS possible to ornceive that a cubic inch may be separated 
into 10,000 smaller cubes, and each of the latter into as many 
millions of millions of minuter parts of a similar shape, nor can 
there be a7iy limit to such subdivision, which must be as exten- 
sive as the power of enumeratioi^.* The mathematical de- 
monstfttion of the infinite divisibility of matter is founded on 
the impossibility of conceiving any limits to absolute space. 
Let A D and F G, in the marginal figure, be two lines parallel 

with each other, and perpendicular to the 
line B cJ;^then from the points H, H', H", H'", 
as centres, describe so many arcs of circles, 
culting the lines F G and A 1); and since, 
the line A D may he imagined to be as ex- 
tensive as space itself, it is impossible to 
prescribe bounds to the number of points 
which may be made the centres of circular 
arcs, and as the number of arcs is bound- 
less, so will be the number of parts into 
which they will divide the line F G ; for 
the arc, how immense soever might be the length of its radius, 
could not possibly become coinciuenf with the right line B C. 

61. These observations are^ worthy of attention, as they may 
serve to assist us in forniiiig distinct conceptions concerning the 

' wonderful minuteness of the particles of matter, considered in a 
physical point of view. Among the numerous instances that 

Wliat dififbronce in sonsiblo proporlics may distinguish a chemical com- 
pouvi ^ir)m a mechanical mixture f 

examples may be given of these Iwo effects? 

what opinion has u^n formerly promulgated in regard to the divisi- 
bi,li#<v ofVnatler? 

*What difference exists between the mathematical and the physical di- 
visibility of space ? 

On yvnni is the mathematical divisibility of space founded 7 

Praw and explain the diagram relating to this subject ? 
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ijlight be produced of the minute division of material bodies, may 
be mentioned the extreme diffusion of colouring particles through 
a transparent fluid. A grain of carmine rubbed down with a little 
water, and then mixccUwith six quarts ^lore, will give the whole 
liqviid a pale red or flesh colour ; and one grain ctf blue vitriol, 
(sulphate of copper,) will communicate a fine azure tint to five 
gallons of water. Boyle says that a pair of Spanish gloves, 
which had been scented by a single grain of musk, retained their 
odour for twenty-nine years. The same philosopher placed a 
piece of amber, weighing 100 grains, in the scvijfe of a balance, 
which turned with a small fraction of a grain, and, having counter- 
poised it, left it for sevefal dajs, at the end of whic'.h time it 
had lost no perceptible portion of its w'eight, though it had boon 
continually giving off particles, which had perfumed the siw- 
rounding air.* ^ 

02. Malleable and diicfi^ metals are capable of being reduced 
to a most extraordinary degree of tenuity. Gold, after being sub- 
mitted to the operations of the goldbeater, is formed into leaves 
3.3 inches square, each weighing rather less than the fifth part of 
a grain, and being but the 282,000th part of an inch in thickness ; 
and a particle of this gold leaf, not exceeding the 500,000ih of a 
grain, wdll be distinctly ^^ble to the naked eye.f stiy more 
comminuted, doubtless, are the particles of gold left in tno abra- 
sion of a gold pin on a touchstone, but yet perfectly perce})lible 
to the sight. Bubbles of soap and water consist of films fir 
more attenuated than leaf gold, fqjr when they begin to reflect 
colours, their thickness is less thag 2,000, OOOths of an inch, and 
that must he much beyond the diameter of the atoms of water; fl»r 
the film contains soap incorporated with the water, and wc Crinnot 
even conjecture what relation the dimensions of the atoms of the 
fluid may bear to those of the film which it forms, only they must 
be far inferior. Besides, both soap and water are compounds, so 
that the constituent atoms of those substances, as of the oxygen 
and hydrogen of the water, must be yet more reduced, till they 
almost surpass the power of imagination. 

63, The vegetable kingdom presents us with innumerable in- 
stances, not only of the extraordinary divisibility of matter, hut 
of its activity, in the almosf incredibly rapid devolopement of cel- 
lular structure in certain plants, ^rhus the BovLsla frlgrintcum (a 
species of fungus, has been known to acquire the size of a gourd^ 

What examples can bo adduced of extreme divisibility among colouring 
mntorinls ? 

What facts demonstrate the niiniiteness of odoriferous particleVi* ^ 

How may metallic subsmnccs be perceived to illiiHiratc the minute di- 
visibility of matter ? Illustrate the extreme diviilibility and the activity of 
matter in the vegetable kingdom ? ^ 

* Do Mira Subtil. KlHuv. Sigaud de la Fond. Elcm. de Phy«., t. i. pp. 
156 et 160. 

t Leslie's Elem. of Nat. Fhiios., vol. i. p. 13. 
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in one night. Now supposing, with Professor liindley, that th^ 
cellules of this plant are not loss than oth of an inch in 
ciianioter, a plant of the above size will contain no less than 
47,000,000,000 <M3llules ;«'so that, supposing it to have grf)wn in 
the course of twelve hours, its cellules must have been developed 
at the rate of nearly 4,000,000,000 per hour, or of more than 
00,000,000 in a ininiite; and when we consider that every one of 
these cellules must be composed of innumerable molecules, each 
one of which i§ again composed of others, we are perfectly over- 
whelmed with the niinnteness and number of the parts employed 
in this single production of na^ure,\ 

01. 'JMio animal world aflbrds examples of the inedmprehensi- 
ble divisibility of matter not less wonderful. Mr. Ilanner, by 
eftunting the number of ova in a given weight of the spawn of 
different fishes, found that a single Aoiinder corfcained 1,357,400 ; 
and a cod-fish no leas than 3,080,700 8va; all of which, it must 
bo remembered, Werer organized bodies, capable^of developeinent, 
so as to form perfect miimals.f But the infusory animalcules 
display, in their structure and functions, the most transcendent 
attenuation of matter. The l^ibrio undula^ found in duckweed, is 
computed to be ten thousand million times smaller than a hemp- 
geed. ^ihrlo lineola occurs in vcgefiible infusions, every drop 
containing myriads of those oblong points. I’he Moncus fsiclatinotsa^ 
discovered in ditch-water, appears in the field of a microscope a 
mere atom endued with life, millions of them playing like the 
8un-heams, in a single drop of lh|uid.:^ 

65. That all bodies are composed of atoms or ultimate indivi- 
sible particles, may be inferred froiy the observations which have 
been made on the height of the atmosphere above the surface of 
the earth. Dr. Wollaston adduced some ingenious arguments in 
proof of the limited extent of the ai rial medium which surrounds 
the globe, as resulting from its atomic constitution. $ And if we 
admit that such is the nature of the air, it may also be concluded 
that bodies of greater density consist in the same manner of indi- 
visible molecules. 

66. The instances already mentioned of the extraordinary 
minntencss of particles of matter relate to bodies which are mani- 
festly compounds, and the iigignitude of such particles must 
therefore be fur superior to tliat of the ultimate or even the con- 
^stituent molecules of those*' bodies. With regard to the hulk or 

At wlmt rate per Rccond are the cells of the Bovistn ^ignnteum developed 7 
What is suptK)sod to he the size of the Vibrio undula ( 

How Viniy wo infer the atomic conatitutiDn of matter, from the nature of 
our fumospliere? 

* Dr. ClirmiHlry, Meteorology, and the Function of Digestion 

co^'s'friercd with reference to Naliirul Theology, 1834, pp. 23, 24; frean 
Limbey's iiitrodnction to Botany, 
t Pht1(M<oph. Traneacl., vol. Ivii. 1767, art. 30. 

\ r.eslie*s Nat. Phih is..„vo]. i. p. 16. 

^ See Sc'icjitiiic class ^ok. part i. p. 207. 
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wei^rhl of absolute atoms, or ultimate molrcnl/ft of matter, we can 
form no conceptions whatever, and their nature and properties 
Ihiist probably remain objects of conjecture and uncertainly ; l)ut 
the constituent or coiabiiiiii^ molecules of ditferent substances are 
more within the reach of experiment and observation, and con- 
cerning their relative fSiarrnitudes or proportional weights, the re- 
searches of modern philosophers furnish us witft some infor- 
mation. Dr. Thompson has calculated that the weight of a 
constituent molecule of lead ^oes not exceed j 
of a grain, and that its magnitude is probably much less than 

¥FT.T9g75'W,'5ra'lf,^7r(5’^^ ^ cubic iiich. The c^rnbiniiig mole- 

cules ol sulphur are vastly inferior to those of lead, each being 
computed to be not more than ^ grain; 

and the molecules of some other bodies are uiuioubtcdly much 
more diminutive.* 

67. The change of temperature that results from chemical com- 
bination is sometimes very^sonsiderable. Thus the burning of cdiar- 
coal is a combination of charcoal or carbon with the oxygen of the 
atmosphere, and t!ie consequent producticsi m carbonic acid. Abun- 
dance of heat is evolved in this process, which has been supposed 
to be derived from the oxygen gas coiisuitied. Mnch^heat is also 
given out when nitrous ^cid or aqua fortis is mixed with oil of 
amber; those fluids uniting to form a resinous substance, which, 
from its peculiar odour, has obtained the name of artificiill musk. 

68. 'rhe elevation or depression of temperature which aecoiii pa- 
nics the formation of chemical compounds has given rise to various 
hypotheses, among which the most nlausible, perhaps, is that which 
deduces the heat or cold manifested in such cases from the change 
of state in the elements of the combining bodies, or the relation 
of their respective capacities •for heat with that of the compound. 
Thus it has been imagined, that when the specific heat of a 
compound is less than that of the bodies from whose uni%n it is 
formed, the superabundant heat will be given out and become 
sensible; and if the specifle heat of the compound he greater 
than that of its component parts, it must absorb heat from sur- 
rounding bodies, and thus occasion a sensible depression of tem- 
perature. But this view of the cause of the changes of temperature 
that take place, is hardly consistent with the conclusions derived 

What is the state of our knowledge in reganl to the ultimate particles 
of simple bodies? ^ • 

What has modern cliemistry developed in regard to the relative weights 
of the combining atoms of dinerent sulistanccs ? 

How does the size of a combining atom of sulphur compare with one of 
lead ? * 

What remarkable examples illustrate the third law of chemi^m attrac- 
tion ? * 

What hyf)otheseB have been raised to accouiif for the dovelqjfement of 
heat during chenii€:al combination ? 

* Thomsons*s Principles of Inorganic chemistry, vol. i. {T. 7. 
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from iho Intcst rRs«t rrhos of philr»550|)}irrs concoruino- the specific 
ln^at of diflcrcnl bodies, and osiieeiall}^ of jrasos ; and tiie relation 
of chemical attractifm to heat is a subject which still remains 
open for future investigation. 

GI). A f<iw ohservalions may, however, he added coneerniiijr 
two im]}ortant topics conif}!Ctcd with this law of chemical affinity, 
namely, Conilt'ustion, and the Solution of Solids in Liquids. 

'fhe term conibiistion has been variously applied by ditlerent 
writers ; some cxtcndiiijr it to all eases of violent chemical action, 
accomjiariied by the evolution of lij^ht and heat; and others re- 
stricting it to certain processes in wdiich combustible bodies more 
or less rapidly coinhine with oxygon, with the extrication of light 
and beat, as in the burning of Ofharco?!, noticed above. Lavoisier, 
who was the first in modern times that clearly asceirtained the 
influencc3 of atmospheric air on chemical operations, and showcid 
th?t the changes which bodies undergo frequently depend on the 
absorption of oxygen, was led to conclude thafT. all simple sub- 
stances might be arranged in two ch&scs ; the first comprising 
oxygen only, which heficljaracterised as a supporter of combustion ; 
and the second, consisting of combustible bodies, including the 
metals. Heucc he fartlier inferred that oxygon gas consisted of 
a ponderablh basis, combined with light and heat, which were 
given out in the form of flame during coflibustion or the union of 
coiiibu&t*ble bodies, ns carbon, sulphur^^ phosphorus, oil, and alco- 
hol, with the basis of oxygen gas. 

70. lint this theory, though to a certain extent it may be 
admitted, is by no means applicable to all cases of combustion 
in wdiicb oxygen gas or atmospheric air is present, and it is 
necessarily incapable of afforeWng an explanation of those in- 
stances of the evolution of light aiicj heat consequent on the sud- 
dfMi union of bodies which contain no oxygen whatever. Thus 
if equql volumes of chlorine gas and hydrogen gas be introduced 
into ji glass jar, and exposed to the direct rays of the sun, they 
rapidly c.ombiuo, with explosion, or the display of abundance of 
light and heat. Phosphorus burns wdlh a pale yellow flame, when 
heated in chlorine gas; and when phosphorus is introduced into 
an exhausted vessel wnth iodine, a violent action tabes place, and 
much heat is extricated, but without light. If sulphur and filings 
of copper be heated together, when tke mixture has acquircMl a 
temperature much below a red lr*‘at, it suddenly becomes red-hot, 
and the compound called sulphuret of copper is formed. 

. 71. Many other examples might be adduced of the production 

Wliat ri'sonrfhos of modorn fimrs am fiaind to oppose this theory ? 

How hns ihe term coinhuslion been used by different writers? 

Jly vvl^in was the distinction of bodies into combustibles and supporters 
of coTrfi'kiisHon first made ? 

What led the author to this division ? 

How huptho theory of Lavoisier been modified by more recent disco- 
ver^'^*? 

Chve some examples of the phenomena of combustion produced with- 
out the presence of oxygen. 
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of beat etthor a!ono or aoconipani^^d by liffllt, duringr chemical 
combinations, in which oxyg'eri is not at all concerned. Unless, 
therefore, ihc term Combustion be exclusively appropriated to the 
process of burning combustibles in atmospheric air, or some other 
a rial medium in whic^ oxygen is contayied, the phenomena with 
which the process is accompanied cannot possibly |be said to be 
caused by the condensation of oxygen gas; and in the present 
slate of our knowledge, any attempt to develope their source may 
be considered as somewhat premature. 

72. Combustion, as depending on the union of oxygen with a 
combustible body, sometimes t^es place under sAgular circum- 
stances, and gives rise to extraordinary appearances. The tem- 
peratures at which ditferent ^ombifstihles combine with oxygen 
vary extremely. Potassium, or the metallic body which in com- 
bination with oxygen forms potash or fixed vegetable alkali, mool 
powerfully attracts oxygen, tarnishing when exposed to the air at a 
very low temperature, and ^ecoming inflamed when thrown into 
cold water, or even when placed on a piece of ice, potash being 
formed in either caSe. Phosphorus, when ^ife d ry, takes fire in at- 
mospheric air, at about 100® of Fahrenheit. Sulphur burns in com- 
mon air at from 180® to 1S)0®, but with a faint blue flairs, the heat 
of which is very inconsiderable ; but if its temperature be raised 
to 300®, the combustion jfVqpeeds more rapidly. Carbon, in the 
state of common charcoal, demands a higher tempera tiire'for its 
combustion than the substances already mentioned ; and in its 
crystallised form, in the diamond, it requires an intense heat, as 
the flame of an oxy-hydrogoii blowgipe, to set it on fire. When 
highly comminuted, however, charcoal, and especially some 
varieties of it, attract oxygen, exhibiting the phenomena of com- 
bustion at relatively low tein^^oratures ; and hence, in cerlaiii 
cases, what is termed spontaneous inflammation has iak(3n place. 

73. Colonel Aubert, an artillery officer, in consequence re- 
peated instances of the spontaneous combustion of powdered 
charcoal which had occurred in France, made some interesting 
experiments on the subject. Tie found that charcoal triturated in 
mortars wiUi bronze pestles, till it is reduced to the finest powcler, 
has the appearance of an oily fluid, and occupies only one-third 
of the space which it takes up when in the form of rods about six 
inches in length. In this state of extreme division it absorbs air 
much more readily than before ;%ut the absorption proceeds 
slowly, requiring several days for its ^sompletion, and it is accom- 
panied by the evolution of heat sufficient to raise the thermometer 
to about 360® of Fahrenheit, and thus inflammation is occasioned. 
The process commences near the centre of the mass, about five or 
six inches from its surface, at which spot the temper£|J;ftr^ is 

Under whnt variety of circumstances may comlvsfion lake place ? • 

What remarkable instance may be adduced in wJiich coiiibusMba cgm- 
monces at low temperatures ? 

Under what different circumstances may carbon be ignited ? 

What investigation was made by Aubert on the combustion of ebarenai ? 
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always higher than at any other* Black charcoal, strongly dis- 
tilled, is more readily inflammable than lighter varieties. Massivi 
of this kind of charcoal, less than 66 pounds avoirdupois, do not 
inflame spontaneously ; and the other kinds inflame only when in 
larger masses. The fre% admission of aii^to the surface is indis- 
pensably recjfliisite to produce spontaneous combustion. When 
sulphur and nitre are added to the pulverized charcoal, the in- 
flammation does not take place as usual ; but there is still some 
absorption of air, and augmentatimi of temperature ; therefore it 
would be dangerous to leave large quantities of such mixtures 
long exposed fo the air.* 

74. The spontaneous comb|LStion of substances containing car- 
bon, from the absorption of air aifd moisture is a phenomenon 
of so frequent occurrence that few persons can be ignorant of it, 
Hiough those who are unacquainted with chemistiy must be at a 
loss to account for it* Ricks of hay and stack^t oi corn thus oc- 
casionally take Are, and are consumed ; and repeated narratives 
have been publishei^of the destruction of packages of coffee, 
bales of cotton and othdlr articles, in consequence of spontaneous 
inflammation* Much appears to depend in these cases on the pre- 
sence of w^ter; for hay-ricks take fire only when the hay is put 
together before it is properly dried, or jn consequence of its not 
being {fell secured from the rain* Ax instance of the spontaneous 
combustion of a quantity of oatmeal, which had been left in the 
house of a gentleman at Giasgo#, during the absence of his fa- 
mily from home from May till the end of August^ in 18^30, is 
mentioned in Dr. Thomson’sL** Annals of Philosophy;” and the 
accident is justly attributed to the avidity with which oatmeal 
attracts moisture, a property that induced Professor Leslie to 
employ it instead of sulphuric acid; in his ingenious process for the 
production of ice under the exhausted receiver of an airpump.f 

75. ^ Spontaneous combustion sometimes takes place very sud- 
denly. Prof. Bache, of Philadelphia, discovered that carbon in 
the state of lamp-black, or the soot of animal oil, causes the in- 
flammation of a stick of phosphorus powdered with it, at the tem- 
perature of 60^ of Fahrenheit, either in the open air, of in a close 
receiver of a moderate size.^I 

76. Professor D.'.beriencr, of Jena,^ discovered a curious phe- 
nomenon of an analogous nature relative to spontaneous combus- 
tion in 1823. He found (hat platina, in the state of very line 

^ wire, thin leaves, powder, dr in the spongy form, at the common 
^ tempeniture of the air, if plunged into a mixture of hydrogen gas 

What eflbct on the combustibility of powdered charcoal arises from 
mixing with it sulphur and nitre ? flow may the spontaneous combustion 
of luiy, t^otton, cofree, oatmeal, &c, be explained ? In what manner may 
phoi»ihoru8 and charcoaj be inflamed ? 

%^ee^Ann. de C'bim. ; and Rdinb. Joum. of Science, N. S. No. 8. 

Si^e Joiirri. of Science, ed. at K. 1., vol. x. p. 454 ; and Ann. of Philos., 
vol. xvi.^p. 390. 

t Silliman’s Joum. of Science 
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and atmospheric air, would almost instantly taki fire. The pla- 
tin# becomes heated, presently red hot, tiien it attains a white 
heat, and immediately the hydrogen inflames, and the combustion 
continues as long as any portion of the combustible elements re- 
mains. Brewster says.- ^ In this case the minutely-divided pla- 
tina acted upon the hydrogen gas in the same manner as the 
minutely-divided charcoal acted upon common air.* Heat and 
combustion were produced by the absorption of both gases, though 
in the one case the effect was instantaneous, and in the other was 
the result of a prolonged absorption.^’* 

77. This property of spongy platina has been h^pily applied 
to a purpose of much practical utility, by M. Gay fiussac, in the 
contrivance of a lamp for the |>rodu#tion of instantaneous light. 
Iinprovemen£s or modifications of this instrument have been made 
by Mr. Garden and others but the principle on which the appa- 
ratus is constructed is the same in ml, and they consist of ars 
rangements for the Regulated production of hydrogen gas, from 
the sohition of zinc or iron ffi diluted sulphuric acid, and by open- 
ing a stop-cock throwing a current of the ga%on a mass of spongy 
platina, which becoming red-hot, the hydftgen inflames, and af- 
fords the means for lighting a taper. 

78. One form of Gay Livssac’s ap- 
paratus is seen in the annexed figure. 
a' glass vase containing a 8olu|^on of 
sulphuric acid in the proportion of one 
“ part acid to J 5 or 20 of water, has a cover 
of brass resting on its upper rim, to 
which is cemented a conical glass jar of 
smaller dimensions, open below and per- 
forated above, for the escape of gas 
when required. From a brass rod on 
the interior of this second jar, is sus- 
pended a cylinder of zinc, the botfom of 
which is nearly as low as that of the 
conical jar. A stop cock above the brass 
plate open^ a communicaiLon with the interior glass vessel, and 
allows the hydrogen gas to escape through a small pipe or nozzle, 
and be projected on a bit of spongy platina, contained in a 
thimble-shaped receptacle diear the periphery of the lid, when 
it soon becomes red hot, and ignUes the jet of hydrogen gas. 

79. Numerous experiments were made by MM. Dulong and 
Thenard, with a view to elucidate tHfe cause of the inflammation 

What IB the nature of Duberoincr's experiment on the ignition of platina ? 

What explanation of the result has been attempted ? 

How has Guy Lussac applied to practical purposes the experiiqpnt with 
spongy platina'? 

Describe his apparatus ? 



* Sir D. Brewster's Natural Magic, p. 81S. 
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produced by theVontact of finely-divided platina with hydrogen 
gas. From their researches it appeared — 1. That palladium, 
rhodium, and iridium, have the same effect on the gas with pla- 
tiiia; 2. That osmium in like manner produces inflammation, but 
requires a temperature of 45° centigrade, and gold inflames at 
120® ; 3. That charcosff, glass, pumicestonc, and porcelain, have 
similar ef!<^ts, but at temperatures near 250® ; 4. That all these 
bodies lose the property in question by long exposure to the air, 
but they recover it on being calchied.* 

80. Among the various causes^of spontaneous combustion that 
might be mentioned, there is none more interesting or curious than 
that of the human body, many instances of whicti are upon record. 
But the subject will again hie noticed, in treating of the effect of 
electricity on chemical attraction, and therefore need not be intro- 
duced here. 

81. Elevation of temperature generally promotes the chemical 
action of bodies. Its influence in many casdh appears to depend 
on the diminution of cohesion, or thc^separation of the particles of 
matter by heat, asi^vheri expansion or liquefaction takes place. 
But its effects arc soni^timcs more complicated and obscure; and 
the phenomena indicate an obvious correspondence between heat 
and elect^rmity or galvanism. A remarkable instance of the in- 
fluence of heat, in conjunction with lig^it on the chemical union of 
bodicji, may be pointed out in the prcWiiclion of muriatic acid from 
the mixture of chlorine and hydrogen gviscs, noticed above. When 
the proper quantities of these gases recpiired tr> form the compound 
are mingled in a glass jar, so long as light and heat are excluded 
no combination takes place, fbut if the mixture be exposed to the 
direct rays of the sun, detonation ensues, and muriatic acid gas is 
formed ; and the same effect is produced by introducing into the 
jar a lighted taper, or passing through its contents an eleiitric spark. 

82. It must be observed, that, though elevation of temperature 
toa<fertain extent may facilitate the chemical union of bodies, the 
effect will depend, in any given case, on the adaptation of the de- 
gree of heat to tlie particular process. Thus mercury exposed to 
the contact of atmospheric air at the temperature of nearly 680® 
Fahrenheit, in a proper vessel, combines with oxygen*to form the 
red oxide of mercury, which substance, when exposed to a red 
heat, 1275®, becomes decomposed, returning to the state of metal- 
lic mercury and oxygen gas. ^ 

83. Temperature has generally a great influence on the solvent 
power of water, and also oh that of other liquids. Hot water is 

What four results did Dulong and Thonard obtain from their experi- 
ments on this subject ? 

What effect has elevation of temperature on chemical attraction? 

On v*hat does this effhet appear to depend ? 

What%‘emarkable example of this can be exhibited 7 

Wiiat diversity of effects may bo found to arise from different degrees 
of elevai>ion in temperature ? 


* Pouillet £14m. de Phys., vol. i. pp. 425, 426. 
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capable of holding in solution larger (juantities of^ost substances 
that cold water: thus, saltpetre, or nitrate of potash, and chlorate 
of potash, are much more readily soluble in water at a high than 
at a low temperature ; and with regard to many other saline bodies 
the dissolving power of th^ liquid is increased by augmentation of 
temperature. But this is by no means always the case. Water 
cooled to near the freezing point, will take up almosif double the 
quantity of caustic lime that can be held in solution by boiling 
water. Glauber salt, or sulphal^ of soda, is most readily soluble 
in water at about 93® Fahrenheit (33® cent.,) the solvent power 
of water with respect to that salt increasing with the augmentation 
of heat up to that point, after which it diminishes to 215®, at which 
temperature nearly the same relatives quantity of the salt will be 
taken up as at 87®. Seleniate of soda likewise is more soluble 
at 92° (33° cent.) than at a higher or lower temperature. 

Paris 



C 0® 10“ 20“ 30“ 00« 60® 70® 80® 90® 100® 110® 

F 32“ 00'=* 68“ 86“ 104® 122® 140® 158® 176“ 194® 212® 230® 

N. P. nitrate of potash. S. M. sulphate of magnesia (anhydroiis.) 

S. S. sulphate of soda (anhydrous.) Clil. B. chloride of baryum (anhydrous.) 
Ch. Pm. chloride of fXJtassium. • Chi. S. chloride of sodium. 

Chf. P. chlorate of ijotash. S. B, sulphate of barytes. 

S. P. sulphate of potash. 

What effect has elevation of temperature bn the solvent power of liquids? 
What remarkable exception to this law has been observed ? ‘ 

At what temperature will water dissolve the greatest quantity of the 
sulphate or the seleniate of soda ? . - j- i 

At what temperature Fah. would a given quantity of water dissolve as 
much chlorate of potash as it would of the sulphate of barytes ? [Sje tp^le.J 
What number of ports of either of those salts w^uld 100 parts by weight 
of w'oier dissolve at that temperature ? 

Of what salt will water dissolve the same quantity at all tcmpFhituMS ? 
At wfiat temperatures is the solvent power of water the same for nitnffe 
of potash as for sulphate of magnesia ? At what tw'o points will ^ lake up 
equal qunnfiiics of sulphate of soda arid of chloride of potassium 1 
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84. The relation between temperature and solubility will be 
most distinctly perceived from the inspection of the preceding 
table. The vertical line of figures indicates the respective por- 
tions of several salts, taken up by 100 parts of water, and the 
horizontal line of flguvs denotes the teieiperatures of which the 
SD^^tions t<^e place. The line which is marked Chi. 8., shows 
the aolubility of chloride of sodium, (common salt,) and it cuts 
the perpendicular lines all at the same height No. 37, which indi- 
cates that one hundred parts of water will at all temperatures dis- 
solve 37 parts of common salt. The line marked Chi. B., anhydrous 
chloride of hrryuin, cuts the perpendicular line marked 0° at No. 
31, that which is marked 55^ at No. 45, and that marked 110® at 
No. 61 . hence it must be ''understood that 100 parts of water 
will take up 31 parts of anhydrous chloride of baryiini at zero, 

^45 parts at 55®, and 61 parts at 110®. Tl'he line marked S. S., 
sulphate of soda, rises to 33® and then descends, denoting the 
sulphate to be most soluble at that t«!^iperat.ure, as above stated. 
I’he manner in w^hich the various influence of temperature on 
other salt is exhibi^d«.in this table will be sufficiently obvious 
from the preceding examples.* 

85. (4.) 'rhe influence of electricity on chemical processes, attract- 
ed theatt^tion of philosophers before the middle of the last century, 
when it was ascertained that ether i^ight be fired by the electric 
spark^^ and the deflagration of spirit of wine, fulminating gold, 
and some other inflammable bodies, was soon after effected by the 
same means. More recent researches evinced the possibility of 
producing the combustion of iron wire by exposing it to the shock of 
an electric battery. The metal^ is thus oxidated in the same manner 
as by the violent friction caused by striking Are with a flint and 
steel. Other metals, as well aswiron, may he made to undergo 
combustion by exposing them to the charge of a battery of elec- 
tric jprs. A fine gold wire may thus be burnt, yielding a bluish- 
white flame, and the product w^ill be a protoxide of gold, in the 
state of an impalpable purple powdc?r. Silver wire may in the 
same manner be made to burn with a green flame ; and corres- 
ponding phenomena take place with the other nieta1a.«. 

86. The effect of the electricity of excited jars on the combi- 
nation of gases, was the subject of expe-^rin tents by Mr. Waltire, 
Dr. Priestly, and Mr. Cavendish ; and the latter, about 1776, thus 

%• 

How early was the connection betwreen electrical and chemical actions 
discovered ? 

What oliservalions led to this discovery ? 

What effect has a discharge of electricity on flne iron wire ? 

When and by whom was tlie action of eieciricity on gases investigated 7 

* Thtsi- Table is taken from Mitsclierlicirs Intrmliiction to Chemistry 
(Gcrpi.)* Berlin, 1832 8vp. vol. i. p. 287. The tempera lures are given ae* 
cording to the scale of bulli the centigrade and Fahrenheit's thermometer. 
In tl^is afid all similar cases the student will change degrees cenligrado 
in hi those of Fah. taking 9>5th8 of the number of tho former and ad- 
ding to it 32^. — Ed* 
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produced water, by firing a mixture of hydrogen /gas and atmos- 
pheric air ; and he also obtained nitric acid, by employing elec- 
tricity to determine the combination of oxygen and nitrogen. In 
1781, Lavoisier and Laplace made important experiments on the 
development of eloctriciw in the evaporation of liquids, and the 
solution of solids, as whdii metals are dissolved in diluted acids; 
and from the latter researches of Becquerel, at Paris/ it may be 
concluded that electricity is evolved in all cases of chemical so- 
lution. 

87. The relation between elecflrical and chemical attraction has 
been conUrmed by the discovery of Galvanic or Voltaic electricity, 
the effects of which manifestly depend on the same pecRiliar energy 
that gives rise to the phenomena of th§ Leyden phial. It has been 
ascertained that chemical decompositions and combinations can 
be accomplished more easily and readily by means of the Voltaic 
pile or battery, than by the aid of an electrical machine and the » 
apparatus beloiiging«to it. 

88. Some notice has been*taken of the chemical power of the 

Voltaic battery in tb« preceding volume of thi^work, to which the 
reader is referred for an account of the corrltruction of Galvanic 
or Voltaic troughs, for the reception of zinc and copper plates 
with an interposed fluid, which may be used for the py>duction 
of various chemical phenomena.* With such a Voltaic battery, 
water and other chemical compounds in a fluid state m^ bo 
decomposed, merely by dipping the extremities of two wires 
communicating with the opposite poles of the battery beneath the 
surface of the mass of fluid, and thus causing the latter to form 
part of a Voltaic circle. The decomposition of a saline substance, 
as sulphate of soda, may be thu^i effected, by using a glass 
tube bent so that the angular part may fit into a common 
wine-glass, which will serve to ‘support it. Then into the open 
ends of the tube insert two wires or strips of platina foil, which 
may reach nearly to the angle, but must not come in contact f fill 
the tube with a solution of the sulphate, and connect one of the 
wires with the zinc or negative pole, and the other with the cop- 
per or positive pole, of a Voltaic battery, and the salt will be 
decomposed^, the alkali or soda collecting In the leg of the inverted 
siphon or tube in connexion with the negative pole, and the 
sulphuric acid in the part of Jhe tube connected with the positive 
pole. ^ 

89. In all cases of decomposition by means of electricity, 
whether derived from the friction of* glass, as by the common 

Whnt general truth in reganl to this subject appears to result from the 
experiments of Lavoisier, Laplace and Becquerel? 

What aid has the discovery of Galvani afEirded in the study of ^ctro 
chnmhtry ? • * 

Describe the manner in which a saline substance may be decompesed 
by Galvanic electricity ? 


* See Scientific Class Book, part i. page 440 to 446 inclusive. 

d9 
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machine, or from the contact of perfect and imperfect conductors, 
as in the Voltaic battery, it will be found that one of the constiy^u- 
ent elements of the body undergoing decomposition will be evolved 
at the negative pole, and the other at the positive. Hence it must 
be concluded, that the Jodies thus separating must, with respect 
to each other, be actuated by opposite kinds of electricity ; and 
the observation of this phenomenon has led to an arrangement 
of bodies in two classes, namely, electro-negative and electro- 
positive substances ; all those kifids of matter which are attract- 
ed by the positive pole of a Galvanic battery being included in 
the former cKiss, and all those attracted by the negative pole in 
the latter class. 



91. in the decomposition of water in the apparatus repre- 
sented in the accompanying figure, the^wire Z connected with the 
zinc , late or pole of a Voltaic apparatus, &c., with the negative 
there will he from the end of the platina wire P, a developenTent ot 
oxygen, and from N an escape of double the bulk of hydrogen, both 
of which rising into their respective branches of the tube will be 
collected at O and at H. Bot though the distinction between the 
electro-negative and the elec tvo-posi live bodies is sijfhciently ob- 
vious in the decomposition of compounds of two bodies of the 
opposite classes, yet it requires modification when applied to com- 
poui\^s resuliing from the union of two electro-negative or two 
eU^ctro-positive bodies respectively. 

92. Oxygen when separated from its combination w'ith other 
simple bodies by electricity, is always evolved at the positive 
pole; and it may therefore be concluded that it is the most electro- 
negative of all knowm substances. It forms compounds with 
chlorine and the other electro-negative elements, constituting the 
chloric, iodic, and bromic acids; amt wlien these are decomposed 
by the Voltaic battery, the oxygen is evolved at the positive pole, 
and the chlorine, iodine, or bromine, at the negative pole. In the 
same manner the electro-positive elements enter into union with 

What remarkable circumstance always attends decomposition by means 
of electriciw ? 

inference arc we allowed to draw from this fact? 

\yhal constitute the class of electro-negativo bodies ? 

What^the clectru-postlive 7 

w^nicli jx)le does the electro-negative matter pass? 

■ Under what circumstances will it disappear? 

Describe the apparnfns for decompoaing wafer? 

^Vhich is the most electro-negative of known bodies? 
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each other, forming compounds which, when Electrically decom- 
pi)sed, manifestly indicate gradations of electric energy among 
them. Sulphur, which, with respect to oxygen, chlorine, iodine, 
and bromine, and probably some other simple bodies, is electro- 
positive, becomes electro-negative when combined with hydrogen ; 
for when a compound of sulphur and hydrogen is decomposed by 
Voltaic electricity, the sulphur appears at the positive pole, and 
the hydrogen at the negative. The sulphurets of carbon, phos- 
phorus, and many, if not all thc^metals, exhibit similar pheiioiii^iia. 

93. Hence it appears, that sulphur is only relatively electro- 

positive, as in its combinations with oxygen, wlWle it becomes 
electro-negative b^ being united to hydrogen, carbon, phosphorus, 
and the metals.* Kxperimeiits arS wanting to enable us to as- 
certain how far the electricity of all bodies is merely relative, or 
whether the disposition of bodies to be attracted by the positive 
pole of a Voltaic pile or battery, which seems to exist in the 
strongest degree in oxygen, descends by a regular gradation 
throughout the catalogue of simple substances. We may remark, 
however, that vvlifle those which have designated electro- 

negative bodies display the highest electro-chemical energy, or 
tendency to be attracted from their compounds by the positively 
electiified wire, hydrogen and some of the metals seenfto have in 
an extreme degree the c<fnjrary disposition to be attracted by the 
negative wire. 

94. The influence of electric attraction on the chemical affini- 
ties of bodies is especially observable in the cembinatioii of metals 
with ox 3 "gon, and in the decomposition of metallic salts. Pure pot- 
ash or vegetable alkali is a compound of oxygen with the metal 
called potassium ; and the affinity between those bodies is so 
strong that chemists were loi^g bafTIed in thrdr attempts to effect 
their decomposition. At Iciiglh Sir II. Davy succeeded, by ex- 
posing moistened potash to the action of a Voltaic bvittery; thus 
augmenting the respective electro-chemical energies of the oxy- 
gen and the metal, they w'ere severally attraeted by the wires 
connected with the opposite poles, and the former was evolved 
at the positive, while the latter (the metallic potassium) made 
its appearance at the negative pole. 

95. Some other curious and interesting phenomena, relating to 

« 

What is the relative electric condition of siil])hiir compared with that 
ofhvdrogen, carbon, phosphurns, and metals^ 

V/hal substances appear in the bi^rhesi degree eTectro-poaitive ? 

In wh.'it cases is electric ntfraclion most rcmaikahle in modifying che- ’ 
nii*'!il ax'iion ^ 

Wliat. striking ex.'imple of this is affimlod in the history f»f chomisiry ? 

With which cdectrical pole must a metal capable of oxidation by., an acid 
be ciinncfted in order to prevent Ihiit effect? ^ ^ 

* For some interesting and curious <ib.sorvafioijlj on the elect r(vclieniical 
properties of sulphur, see “ Report on the KeceriL Progress arm Pre sent 
Sinie f»f ChtMuicttl Science. By James F. W. Jolmsfon, A. M.” Reports of 
the British Association for the Advancement of Sc ience, 1832, pp. 440-142. 
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the affinities betvXsen metals and acids may here be noticed, as 
tending to illustrate the influence of electricity on the chemical 
union of bodies. Metals may be immersed in liquid acids, which 
under common circumstances reduce them to the state of oxides, 
but the action of such acids may be suspended by rendering the 
metal electro-negative, of placing it in communication with the 
negative polif of a Voltaic battery. If two polished plates of iron 
or copper be plunged in diluted sulphuric acid, one of the 
plates of either metal having been connected with the positive 
wire of a Voltaic battery, and the*other plate of the metal con- 
nected with th^ negative wire, it will presently be perceived that 
the plate rendered positive will become tarnished and corroded by 
the action of the acid, while U will^take no effect on the negative 
plate, which will remain as bright as before immersion. Silver 
unprotected is readily acted on by diluted nitric acid, which dis- 
s'olvos the metal placed in contact with it, just as sulphuric acid 
dissolves iron ; but if the silver be rendered elrofro-negative, it is 
enabled to resist the power of the acid^ even when long immersed 
in it. t 

90. As electricity is Evolved by the contact of different metals 
with winter and other fluids, hence it sometimes happens that two 
metals conrieclcd together and plunged in an acid or saline liquid, 
may form a kind of miniature Voltaic apjxtratus, and the common ef- 
fect the menstruum is augmented* 'with respect to one of the 
metals, and controlled or suspended with respect to the other. 
Let a small piece of sheet copper bo dropped into a tumbler-glass, 
containing two drams of nitric acid diluted with ten drams of 
water, and in a short time ensugh of the metal will be dissolved 
to give a bluish tint to the liqiud : the addition of a few drops of 
liquor of ammonia will increase considerably the depth of the 
colour, and render it more perceptible. Now, if a plate of copper 
united to one of zinc be immersed in an acid mixture of the same 
kind,\t will not act at all on the copper, but will more rapidly 
dissolve the zinc than if that metal were plunged in it alone. 
That the copper in this case is protected by the zinc from the 
action of the acid menstruum, will appear on dropping into it liquor 
of ammonia, as before ; for it will now produce no eiTect, since 
though that alkali communicates a blue or purple colour to solu- 
tions of copper, no such change takogt place on adding it to those 
of zinc. Iron may thus be sl^elded from the dissolving power 
of acids, as will appear by immersing a polished plate of that 
metal, with one of zinc attached to it, in any weak acid, as the 
muriatic, (spirit of salt,) largely diluted with water ; for while the 
zinc will undergo solution, the plate of iron will remain bright 
and untarnished, though if plunged in the diluted acid alone, it 
wonJd*ke acted upon immediately. 

may silver bo prca^rvcid fnun roiTosicm when immcrRcd in nitric acid** 

How ta \y the preservation of copper from corrosion in salt water be ef 
ferttd? 

How is it proved that in tliia case no copi>er is dissolved ? 
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97. On the observation of the electro-chemical cfFeots of the 
coiHact of metals was founded a method, proposed by Sir 11. 
Davy, for preserving the copper sheathing of ships from the cor- 
roding action of sea-water. It has long been tlie eiistotn among 
ship-builders to cover tlie outer surface.^of the hulls of large 
vessels with sheets of copper, the durability and consequent ad- 
vantages of which were found to be greatly diminished by the 
action of the saline matters contained in tiie sea-water on the 
metal, producing oxidation, corrosion, and decay. 

98. The plan proposed for the prevention of these injurious 
effects of the exposure of the copper sheathing of ships to the ac- 
tion of sea-water during long voyagqs, consisted in fixing to the 
surface of the copper plates of* zinc or iron, called protectors, the 
effect of which was to render the copper electro-negatiNre, and thus 
prevent it from attracting oxygen from the water, or substances 
held in solution in ^t ; the protectors themselves becoming oxi- 
dated and greatly dissolved, while the copper was preserved. 
Experiments conduj;;ted on a small scale, an^ for a very limited 
period, showed that the effect intended rdigril certainly be pro- 
duced, but it was found that when a coppcr-bottontcd vessel was 
armed with Davy’s protectors, though the copper in iUe course 
of a long voyage was pre;^ented by its electro-negative energy 
from becoming oxidized, yetiromthe same cause it powe^ully 
attracted from the sea-water earthy matter, such as lime, magne- 
sia, and other electro-positive bodies dissolved in it, and thus ac- 
quired a rough coating, to which marine plants and animals be- 
came attached so abundantly as to prove a serious inconvenience. 
The failure of this plan, under such circumstances, only serves 
more strikingly to illustrate the principle under consideration. 

99. In the whole range of experimental chemistry there are few 
phenomena more curious or beautiful than those exhibited by metal- 
lic arborizations, or the depositions of crystallized metals, from the 
decomposition of metallic salts. An attention to the manner in 
which such experiments are conducted will enable us to trace a 
strong analogy between those processes, and some of the instances 
of electro-chemical decomposition previously adduced. 

100. The production of the Tree of Diana, {Jirbor a 

process said to have been invented by Leinery, a Frcinch chemist, 
in the beginning of the last century,^must have excited the admi- 
ration of many persons quite unacquainted with chemistry. To 
form this crystallization, let six drams of a saturated solution of 
pure silver in nitric acid, and four drams of a similar solution of 
mercury in the same acid, be diluted with five ounces of distilled 
water, and poured into a small decanter or glass phial ; then com- 
pose an amalgam, by mixing one part of finely-divided Silvpr 

By whom was the application of these fucts to pmotical purposes sug- 
gested ? Explain the purpose to which they were ap)»lied. 

In what manner is a ship’s copper protected from corrosion ? 

What inconvenience arose from the use of Davy’s protectors f 

Explain the experiment called Arbor Dianas ? 
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'with seven parts of mercury, and place a small Inmp of it at the 
bottom of the bottle, which must be kept quite still. In a short 
time th(3 surface of the amalgam will be covered with minute 
filaments of silver, and after standing about forty-eight hours, the 
solution will deposit all Its silver, in the ibrm of brilliant abores* 
cent crystals, springing like a glittering shrub from the bottom 
of the vessel.* 

101. An experiment of a very similar nature, which requires 
less skill and attention in its management than the preceding, is 
the reduction r^f lead in the crystalline state from its combination 
with acetic acid, by means of zinc. This may be effected simply 
by suspending a lump of zipc in^ solution of acetate of lead, 
commonly called sugar of lead, in the proportion of two drams 
of the salt to six ounces of water, contained in a glass phial or 
*ilask. In this case the revived metal is deposited more slowly, 
forming shining foliated crystals, first covering the surface of the 
zinc and then extending from it towards the bottom of the phial. 
Here the electro-po^^Uive zinc attracts oxygen from the relatively 
electro-negative lead, knd forms acetate of zinc, while the lead is 
set free. 

10^. ThrC decomposition of metallic salts may be effected by 
means of electro-positive bodies not of a metallic nature, giving 
rise to, appearances much resembling those already described. If a 
lump of charcoal be suspended in a solution of sulphate of copper, 
the metal will be gradually revived, forming small crystals on the 
surface of the charcoal. And a stick of phosphorus immersed in 
a solution of nitrate of silver will become covered with a crystal- 
line incrustation of the reduo;3d metal. 

103. The follow'ing method of forming metallic arborizations 
on the surface of glass, so as to' produce a pleasing effect, was 
published a few years ago in a French journal. Place a few 
hling's of copper and of iron on a glass plate, at a certain distance 
one from the other. Then drop a little nitrate of silver (in solu- 
tion) on each parcel : the silver will soon begin to be precipitated. 

In what manner is this effeet to be explained ? ■» 

How may I ho crysUillization of lead from an acid solution be exhibited ? 

What other mode may be employed to exhibit the eflect of elcctro-posi- 
tivo and electro-negative bodies on each other ? 

* Mr.Brande says: **Tho principal use of the addition of mercury to the 
solution, and of silver to the piocipitnting mercury, is to give a degree of 
tenacity to the arborescent deiiosit of crystals, which prevents their falling 
to the bottom of the flask.” — Manual of Chemistrt/, 3d edit. 1830, vol. ii. p. 
184. It seems difficult, however, to conceive how the mercury that re- 
main^ in solution, or the divided silver in the amalgam, can communicate 
ten;iciV to the crystalline deposit; and though the silver in the amalgam 
mn'^ serve as a sort of nucleus for the newly-formed metal, yet it is most 
probable that the nitrate of mercury and the metallic silver contribute to 
tty* success of tlio experiment chiefly by forming a Voltaic circle, or com- 
Tftnation of electro- positive and electro-negative bodies, in consequence of 

which the electro-positive metal, mercury, is enabled the more easily tr 
decompose the nitrate of silver. 
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while the iron and copper are oxidized and become coloured. 
Now with a small pointed stick the metallic ramifications may 
be arranged in any figures, and the flame of a taper held under 
the plate will promote the evaporation of the li(}uid, facilitate 
the mutual action of the metals, and by blackening the under 
side of the plate, form a sort of ground for the design traced out.’*^ 

104. In this and many other processes of a corresponding cha- 
racter, the effects may with probability be attributed to the con- 
trast of the electro-positive and electro-negative energies of the 
bodies brought within the sphere of each other’s action. And 
though many topics of research with regard to electro-chemistry 
remain for investigation, it may be concluded from what is 
already known, that bodies attracting* each other to form chemical 
compounds will always exhibit opposite states of electricity, and 
compounds may be decomposed or combinations prevented by 
altering the relative electricities of the bodies whose union is thus 
interrupted. 

105. iSome writers have considered electricity as the general 
cause of combustirAi ; and the recent diserv^ies of philosophers 
relative to the intimate connection between electricity, magnetism, 
and heat,'!' afford grounds for concluding that the pi^culiar energy 
which gives rise to electric phenomena, may extend its influence to 
all cases of chemical combination, and especially to those which 
are accompanied by the extrication of light and heat.:!; In'Yllus- 
trating the third law of chemical aflinity, or that which relates to 
the influence of temperature, examples have been given of cases 
of spontaneous combustion, which are traced to the evolution of 
heat, in consequence of the absorption of atmospheric air, or the 
oxygenous portion of it, by largo masses of con»bustible mattcr.§ 
That electricity is concerned in the production of these pheno- 
mena is at least highly probable, though it may be difijcult to 
determine its mode of action. In the still more remarkable an ’ in- 
teresting cases of the spontaneous combustion of the human body, 
of which, unfortunately, there are many perfectly authenticated on 
record, circumstances may be pointed out which strongly indicate 
the induence of electricity. 

How may the surface of glass be coated willi metallic deposits ? 

What may be inferred from fiicis already known, in regard to tlic electri- 
cal stales of bodies acting ohemici&lly on each other ? 

Wliat may we conclude with rcKpect u? elcciro>chcmical action from the 
discoveries in other deparlineiits of science f 

* Journal of Science, ed. at R. Inst., vol. x. p. 181 ; from “ Annales do 
Chimie.’’ 

+ See Scientific Class Book, pt. i. pp. 449, 450. 

t “ Combustion,” observes Mr. Braude, “may be connected with, the 
electrical energies of bodies ; for all bodies which powerfully act u^ion 
each other are in the opposite electrical states of nositive and negative; 
and the evolution of heat and light may depend upon the annihilej^on of 
these opposite states, which happens when they combine.” — Man* of Che»^ 
vol. i. p. 143. 

^ See above Nos. 72 to 81 inclusive. 
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106. The evolution of electric light from the bodies of living 
animals, has been noticed by several writers ; and though such 
linninous appearances often take place without inilammation, it 
may be readily conceived that the electricity thus evolved, either 
owing to its extraordip;\ry intensity or tj the presence of highly 
iriflammabh matter, might excite combustion, and cause the de- 
struction of a human body, as in the cases in question. 

107. Among the instances of spontaneous combustion com- 
mencing during life in the human subject, that of the Countess 
Cornelia Zangari and llandi. of Cesena, has perhaps been most 
frequently ^pioted, and is therefore best known. The circum- 
stances of this appalling ^ccident vrere published in Italy, by 
Signor TIianchini, of Verona, and- subsequently (in 1745) by Dr. 
Cromwell Mortimer, in the London ‘‘ Philosophical Transactions.” 
.This lady, who was sixty-two years of age, having been left one 
night by her attendant in bed asleep, was found the next morning on 
the floor of the room reduced to a hrap of ashes, except her arms 
and legs, and part,^of the head. The air of the apartment was 
loaded with fine snot, which had a noisome smell. The bed was 
not damaged, and the bed-clothes were lifted on one side, as 
usual by^a person getting out of bed. Neither the floor nor fur- 
niture were injured by fire, the combustion manifestly having 
been excited by causes acting solely on the body, and being en- 
tire!^ confined to it. The countess, it seems, was accustomed, 
when she felt indisposed, to bathe her body with camphorated 
spirit of wine. 

108. Mr. Wilmcr, an eminent surgeon of Coventry, England, 
published an account of a sipiilar occurrence, on which he had an 
opportunity for making observations. Mary Clues, fifty years of 
age, was much addict(*d to iiito:.ication ; and for about a year be- 
fore her death, scarcely a day had passed in the course of which 
shr*. had not drunk at least half a pint of rum or anniseed water. 
Iter health gradually declined, and about the beginning of Fe- 
bruary, 1773, she was attacked by jaundice and confined to bed. 
She still continued her habit of drinking spirits every day, and 
smoking a pipe of tobacco. On Saturday morning, March 1st, 
having risen, she fell on the floor, and being too weak to get up, 
she roinained lying there till some person came in and helped her 
into bed. The following night, slffe requested to be left alone, and 
a woman who was with heT quitted her at eleven o’clock, having 
8hutthedoorandlocked.it according to custom. At half after 
five in the morning smoke w^as observed issuing from ihe window, 
and the room-door being speedily broken open, some flames which 
wore in the room were soon extinguished. Between the bed and 
thc fireplace w^ere found the remains of the unfortunate woman, 
pne’leg and thigh were still entire; but nothing was left of the 

Wk il fact ill regard lu living bodies may aid in forming au opinion of 
cause ofsiiontanoous combustion in human beings ? 

What account is given of the Countess of Zangari*s cate 7 

What it the history of that of Mary Clues ? 
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skin, musclesy or iuU^sU nes. The bones of the skull, body, and arms, 
were wholly calcined, and covered with whitish ashes. The side 
of the hedaiead next to the chimney was slifrhtly burned ; but the 
feather-bod and clothes were uninjured. 'I’he walls and every 
thing in the room were Slackened, and the air filled with a very 
disagreeable vapour, though nothing except the body exhibited 
any strong traces of fire. * 

109. A case of spontaneous combustion is related in the Me- 
thodist iMagazine’* for 1809, or^ the authority of Mr. Wood, a 
Wesleyan minister, residing at Limerick, Ireland, in which the 
indammaiion appears to have been more violent an|} rapidly de- 
Rlriictive than in the fore going instances. Mr. O’Neil, keeper of the 
Five Pounds Almshouses, in thm city^of liimerick, was awakened 
about two o’clock in the morning by a person knocking at his bed- 
room door, upon which he rose, and at the request of the person 
who knocked, went wi ll him into his apartment, which w'as 
under the room occifjiied by j Mrs. Peacock. There they found 
on the floor a dead body, burning with fire, as red as copper, and 
which had dropped through the ceiling; foi^di looking up, a liolc 
somewdiat the shape of the body was perceived, the floor and 
rafters above having been destroyed. M. O’Neil iniincdiaiely ran 
up stairs, and having burst open the door of Mrs. Peacock’s room, 
saw the aperture in the middle of the lloor, and the boards still 
burning. Having with assiStance quenched the fire aboii# the 
hole, he endeavoured to discover by what means the body had 
taken fire, hut could find no cause. There wjeis no candle or can- 
dlestick near the place ; no fire in the grate, but what was raked 
up in the ashes in the usual manner of preserving fire through the 
night. The room was examined, ^nd nothing had taken fire 
except that part of the lloor thrqpgh which the body had fallen : 
even a small basket of twigs, and a small trunk of dry wood 
which lay near the hole, escaped untouched by the fire. ^ 

110. In most of the various cases of spontaneous combustion, 
more or less circumstantially related by dilTerent writers, imme- 
diate death was the consequence, or at least life had become ex- 
tinct before ^the miserable fate of the victim was discovered. It 
appears, however, that death, or at all events immediate death, 
is not always the result of an accident of this nature. The fol- 
lowing instance of spontaneous combustion is interesting, as being 
one in which the party escaped destruction, and though it is but 
imperfectly related, yet it seems deserving of attention. It may 
be found in a “Treatise on the Climate, Soil, and Rivers of Eng- 
land,” i>ublished by Dr. Charles Claromont, a physician, who 
was a native of Lorraine, and resided in England in the reign of 
Charles 11. 


Were other materials found affected by the combustion in either ^f 
tliese cases? ^ ^ 

What remarkable circumstances accompanied the combustio/r‘ in tM 
case of Mrs. Peacock ? In what state have the sufi^rem by such occu^ 
rcnce'i generally been discovered 1 

£ 
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111. Two citizens of Loudun, near Poilieis, in Fiance, kaviiig 
taken a walk into the country, visited a noble friend, and ineetinj|r 
with companions, joined them in a game with a ball.* After 
playing some time they took refreshment, walked out, and then 
played again. They supped together (pleasantly and merrily, but 
no one drank beyon& the bounds of reason. At length, night 
coming oif, tlie others returned to the town, and the two citizens 
remained to lodge with their friend. Ketiriiig to their chamber, 
they performed their devotions^ undressed theinst?lves, and went 
to bed. But they had scarcely settled themselves in bed, when 
one of theiijy in terrible alarm, exclaimed that he was on fire : and 
truly his breast and hoard taking fire, began to burn so that a part 
of his shirt was reduced to allies, his bc^soni and chin wore 
scorched, and the flame could scarcely be extinguished. He 
would doubtless have been destroyed by the conflagration, if 
means had not been at hand to suppress it. Dr. Claromont says 
he saw the man afterwards, w'ith traces of tlfe injury on his bosom 
and face; and he learned, from particular inquiry, that the com- 
bustion could not '^I'^ye been caused by lightning, nor by the ap- 
proach of fire or canale.f 

112. Another case of a later dale, in wdiich tho snlTorer sur- 
vived the accident a few days, is recorded in a (i‘(^nnaii journal. 
Don G. Maria Bortholi, a friar who lived at Mount Volere, went 
to the fviir of Filetto, and having \^alked about all day, retired in 
the evening to the house of a relation at Fenille, to pass the night. 
Upon his arrival he went directly to liis bod-room, and went to 
bed, having a handkerchief placed betwei ri his shoulders, under 
his shirt. In a few minutes after he had been left alone, a stilled 
noise, mingled with cries, Wns heard from his room ; and when 
tho people of the house rushed in, they found him on tlie floor, 
enveloped in a lambent ilame. lie was visited ii(',xt day by a sur- 
geon, wrho found that his body was much burned, and after suf- 
fering a good deal, he died on the fourth day after the acci- 
dent. 

113. Such are some of the most remarkable cases of the occur- 
rence of spontaneous combustion in living bodies, which have 
fallen under the notice of competent observers. Among the 
writers who have expressly treated of this subject, may bo 
mentioned tlie names of Lecat, Kopp, Vicq D’Azyr, Dr. Thomas 
Trotter, Dupuylren, and M«. Julia Fontenelle, the last mentioned 
of whom, in a paper read before the French Academy, a few years 
since, draws the following conclusions from a review of the evi- 
dence on record : (1.) Spontaneous combustion generally happens 

1{9W did the case related by Claromont differ from others already staled ? 

'State tho example of tho friar Bertlioli ? 


* PiUbabW cricket or tennis. 

t Caroli Claromontii, D. M. Nob. JjOtharingi de Acre, Locis et Aqiiis 
TerrsB. Angliie. Loud. 1672, sm. 12mo. pp. 21, 22. 
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to those who are accustomed to indulge immoderately in the use 
of vinous or spirituous liquors. (2.) Old women are the most fre- 
quent victims of such catastrophes. (3.) The combustion is 
sometimes very partial, but more frequently general; and the 
parts which most comn^only escape destruction are the feet, 
hands, and upper portion of the head. (4.]fThis kind of combus- 
tion often does not extend to inflammable substances^n contact 
with the burning body. (5.) Water, instead of quenching the 
fire, adds to its violence. To t^e circumstances thus stated as 
the result of the researches of M . J. Fontenelle, it may be added, 
that in most of the cases which have been related, the^ombustion 
appears to have commenced when the subjects of it were in bed. 

114. As to the causes of the» spontaneous combustion of the 
human body, though many feasible conjectures might be advanced, 
the phenomena by no means admit of complete explanation. It 
has been alleged, that the intemperate use of liquors containing 
alcohol may cause tile production of inflammable gasses within 
the body, and that the solids and fluids composing it may also 
become impregnated*with undecomposed spigt^ There can be no 
doubt that sulphuretted hydrogen gas is frequently formed in the 
intestinal canal, and under some circumstances other inflammable 
compounds of hydrogen may be accumulated in the ^internal 
cavities ; spirits when swaMowed in considerable quantities may 
possibly be interspersed in tHb cellular membrane ; and thnvgh 
dram-drinkers generally become emaciated, and their bodies are 
thus deprived of the adipose or fatty matter proper to healthy 
bodies, yet oleose, and therefore inflammable particles must still 
be contained in some of the fluids. 

115. Hence it may in some measure be conceived how the 
human body may become so mugh impregnated with combustible 
matter, as when once kindled, to be partially or almost wholly 
consumed, without the addition of extraneous fuel. As tojthe 
immediate or exciting cause of combustion in these cases, the di- 
rect evidence is chiefly negative. In most instances, it has been 
clearly ascertained, that the bodies of those who have suffered 
have not beqn set on Are by a flame or spark from any previously 
ignited substance, nor by the lightning. 

116. There is, however, one source to which the excitement of 
these alleged spontaneous ccunbustions may with probability be 
attributed, because the circumstanc€|p are favourable to its pro- 
duction ; and that is the electric spark,^or the extrication of elec- 

What is the first conclusion drawn by Funtcnolle in respect to spontane- 
ous combustions? 

What class of persons are the most frequent victims of this calamitv ? 

What parts of the body most frequently escape combustion? • 

What apt)ears to be the degree of combustibility of the human body Jn 
such instances compared with that of other materiaTs ? 

What is the eifcct of* water in cases of spontaneous combustion ^ 

What conjectures have been formed respecting its cause ? 

To what source may the commencement of combustion be attributed ? 
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tficity possessing such a degree of intensity ns is requisite to in* 
flame combustible matter, ii^cveral instances of the evolution of 
electric fire from animal bodies, when excited by friction, are 
mentioned in the treatise on Electricity and others in which 
these appearances were accompanied with actual combustion, are 
noticed in Sir D. Bre\^ter‘s Letters on Natural Magic. [ To what 
circumstaifices the production of electric sparks, that could set fire 
to inflammable vapours, should be ascribed, in any given case of 
spontaneous combustion, can only be conjectured ; but as most of 
the accidents referred tooccurrea to persons while in bed, it is not 
impossible that the electricity might be excited by the pressure or 
friction of the body on the materials of the bed.:^; 

1 17. (5.) This very importc^nt law of chemical affinity, is intimate- 
ly connected with the second law. Though chemical combination 
takes place between molecules inconceivably minute, yet their 
union in every case is regulated by fixed and definite proportions. 
As to the nature of the atoms or particles of ^he respective bodies 
with which we are acquainted, w^ know nothing certain. For 
instance, each coiskbining molecule of oxygt?n, of hydrogen, of 
carbon, or of sulphu/, may consist of several component particles 
or sub-molecules; for there is nothing inconsistent in supposing, 
that thoivgh niatlcr is not physically capable of infinite suhdivison, 
yet that molecules may exist far more«attenuated than those of the 
mosk.Biinple substance which has hitherto fallen within the range 
of our observation. 

118. The development of the principle involved in this law 
need not, liowever, be embarrassed by any considerations drawn 
from the questions that have been agitated relative to the divisi- 
bility of matter ; for the temi atom here is not to be taken in its 
strictest acceptation, (which wo^ld imply indivisibility,)* but 
merely as denoting the unit of combination, or the proportional 
mass or quantity, in which a given body unites with other bodies. 
It lAay, perhaps, be defined to be the smallest quantity to which 
each body or kind of matter can be reduced, without loosing its 
essential properties as a cliemical agent, and especially that pro- 
perty in virtue of which it enters into combiiiatioi^ with other 
bodies. 

119. The relations of the combining proportions or atomic 

€ 

How is the union of diflerenl n^aterials regulated in regard to the numljor 
of atoms ? 

Are wo able to assign the aC^olute nature of the combining particles ? 

How is the term atom as employed by chemists to be dcniicu ? 


* See Scientific Class Book, pt. i. p. 446 — 7. 
t See Lett. xiii. pp. 321, 322. 

ip if yre could suppose a portion of the phosphurue combined with the 
body to be extricated in connexion with hydrogen, the combustion would 
admit of a ready solutibri, since phosphuretted hydrogen always takes fire 

in comihk 1^ ihe air. 

^ From the Greek indivi$ihl€ leii^^ed from the privative a. and 



RELATIVE WEIGHTS OF COMBINING BO^V^S. 53 

quantities of different substances to each other, may be considered 
with respect either to weight or bulk. Thus 8 parts by weight of 
oxygen will unite 'with 1 part of hydrogen to form water. Sup- 
posing these to be the simplest proportions in which these bodies 
combine, the atomic weight of oxygen 'will be 8, and that of 
hydrogen 1. Again nitroapen will unite with oxygen in the follow- 
ing proportions : ^ 

14 parts by weight of nitrogen with 8 of oxygen, form nitrous 
oxide. 

14 parts by weight of nitrogen With 16 of oxygen, form nitrous 
gas. 

14 parts by weight of nitrogen with 34 of oxygon, Arm hyponi- 
trous acid. ^ , 

14 parts by weight of nitrogen with 33 of oxygen, form nitrous 
acid. 

14 parts by weight of nitrogen with 40 of oxygen, form nitric • 
acid. 

So that the lowest proportion^n which oxygen unites w’ith nitro- 
gen, is the same witlf that in which it forms y#ter with hydrogen ; • 
and the quantity, by weight, in which nitrogen unites with oxygen 
in the product, (nitrous oxide,) is as 14 to 8, hence the former 
number may be taken as the atomic weight of nitrogen. T^owthe 
other numbers, denoting ih% combining weights of oxygen with 
nitrogen, are all multiples in* various proportions of its atomic 
weight; that is, nitrous oxide contains 1 atom of oxygen, nitrous 
gas 3 atoms, hyponitrous acid 3 atoms, nitrous acid 4 atoms, and 
nitric acid 5 atoms, each atomic quantity being combined with 1 
atom of nitrogen. 

120. In the same manner it will •be found that oxygen, in its 
combinations with carbon, sulptiur, phosphorus, the metahi, and 
other simple bodies, is always united to them in proportions 
relatively equal to its atomic w’eighl, or to some multiple or sub- 
multiple of that w^eight. The following are the atomic weij^its, 
or, as they are sometimes styled, chemical equivalents of the 
respective bodies enumerated : 

Hydrogen • • 1 . . . . Carbon ... 6 

Oxygen . . 8 . • . . Phosphorus . 13 

Nitrogen . . 14 . . . . Sulphur . . 16 

Sodium . • . 34 • • • • • Potassium . • 40 

Iron .... 28 Copper ... 32 

Lead . . . 104 .... € Mercury . . 200 

In how many ways may the relations of combining proportions be con- 
siderod I Give examples of the combination by weight. 

In how'many diOcreut proportions by weight may nitrogen and oxygen 
combine ^ . m 

How are the relations of oxygen to hydrogen connected witl> iheso 
which it bears to nitrogen ? " ^ » 

What constant relation is found to exist between oxygon and Jjie sub- 
stances with which it combines ? 

What is the body whose atomic weight is taken for unity 7 

E 2 
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121. If, llieti, we trace the combinations of oxygen with eithet 
of the other bodies in this table, it will appear that it unites in the 
ratio of 1 atom of oxygen to 1 of base, 1 to 2 of base, &c. Thus 
carbon combines with oxygen in two proportions, constituting 
two distinct compounds. In the proportion of 6 carbon to 8 
oxygen, it unites to form carbonic oxidb ; and in that of 6 to 16 
oxygen, it»'brrns carbonic acid. Therefore G has been reckoned 
the atomic weight of carbon ; and hence it will follow that car- 
bonic oxide is a compound of 1 atom of each of its constituents, 
and that carbonic acid consists of 1 atom of carbon with 2 of oxy- 
gon. Further, with sulphur, oxygen may unite in three propor- 
tions: the first, or hyposulphurous acid, composed of 16 sul- 
phur-f-B oxygen, or 1 atonj, of e^ch ; the second, or sulphurous 
acid, of 16+16, or 1 atom of sulphur to 2 of oxygen ; and the third, 
or sulphuric acid, of 16 + 21, or 1 atom of sulphur to 3 of oxygen. 

- 122. The various simple bodies not only combine with oxygon 

in (jnan lilies wdiich are multiples or submultijdes of their atomic 
weights, but they also combine in ‘ihe same manner with other 
bodies. Hydrogeu*, forms two definite comppunds with sulphur. 
Sulphurettf^d liydrog<^i consists of 1 hydrogen+16 sulphur, or 1 
atom of each body; and supersulphuretted hydrogen of 1+32, or 
1 atom of hydrogen, and 2 of sulphur. 

123. If, however, wo pursue the examination of the relative 
combining ratios of simple bodies, ^we shall find some, the pro- 
portfons of whose compounds cannot be so satisfactorily deter- 
mined, as those last mentioned. In the first place, it sometimes 
happens that the only known combination existing between two 
bodies is not in the proportion which would be indicated by the 
numbers representing their respective chemical equivalents. Thus 
1 hydrpgen combines with 8 oxygen, and the latter with 14 nitro- 
gen. We should therefore infer that the quantity of hydrogen 
w'luch would combine with 14 of nitrogen, ought to be 1, w hereas 
it is*3 ; the only known compound of the latter ingredients being 
ammonia, which consists of 14 by weight of nitrogen and 3 of 
hydrogen. 

124. In other cases, where several combinations of two bodies 
occur, the ratio between the numbers is not as 1 — 2-^3, or a mul- 
tiple of the smallest, but as 1 — — ^2, or some other intermediate 
quantity. 

What is the relative atomic weight of sodium ? carbon ? sulphur ? cop- 
per ? mercury ? 

In how many proportions will carbon combine with oxygen ? 

What are the respective comiiounds called ? 

Illustrate the principle of doflnitc proportions as between sulphur and 
hydrogen ? 

Whfit is the first exception to the law of equivalents in chemical com- 
position ? 

What is the composition of ammonia ? 

What^^ the second exception ? 

tiitiow far may these exceptions be reconciled with the general theory of 
definite proportions? 
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It may be observed, however, that in these cases, the very ex- 
ception seems to prove the rule ; for with regard to the first case, 
although 3 is not the equivalent of hydrogen, yet it is a multiple 
of that quantity; and with regard to the second, the relation of 
one-half or one-quarter of the smaller number is always preserved 
in the other combining quantities, so that^it is plain that a certain 
regularity is still maintained in the midst of these a;|parent ano- 
malies, and that the combinations take place even here agreeably 
to some fixed and settled principle. 

125. Many of these exceptions, indeed, have disappeared in 
proportion to the progress of discovery : thus a few years ago we 
were acquainted with only two compounds of sul|Miur and oxy- 
gen, the sulphurous and sulphuric a^ids, the former composed of 
16 sulphur and 16 oxygen, the latter of 16 sulphur and 24 oxy- 
gen, the proportion of oxygen in the two compounds being there- 
fore as 2 to 3. But the discovery of the hyposulphiirous acid har^ 
since removed this anomaly, by presenting us with a compound of 
16 sulphur and 8 oxygen, Sf^that the proportion of the latter is to 
that in which it ex^ts in the second, as 1 tg 2. It is probable, 
then, that in many cases the exception is dily apparent, whilst in 
others it seems not unlikely that two equivalents of one ingredient 
may combine respectively with two, three, and four equivalents 
of the other, as in the o:ydes of lead, which, according to Dr. 
'{'homson, consist of 

Lead 104 X 2 = 208 . . Oxygen 8 X 2 = 16 

104 X 2 = 208 . . : — 8 X 3 =^ 24 

104 X 2 = 203 . • . 8 X 4 = 32* 

126. It will be perceived, on rq|erence to the preceding esti- 
mates of atomic weights, that they arc all multiples or sub- 
multiples of the atomic vvciglft of hydrogen, that being unity. 
Hydrogen being the lightest of all the bodies with which we 
are acquainted, there is a degree of convenience in makiiig its 
•combining weight the standard from which those of others are to 
he calculated. It must, however, be understood, that the com- 
bining weights or chemical equivalents have no reference to any 
real standard existing in nature, but that they merely denote the 
relative quantities in which dilTereiit substances combine together, 
and it is immaterial what numbers are adopted to cx;>ress thoso 
quantities, provided the entirb series exhibits the same proportions 
throughout. Thus ten might be fix^d on as the atomic weight of 

• 

What has the progress of chemistry developed in regard to these excep- 
tions ? 

How is this exemplified in the compounds of oxygen and sulphur? 

What is the aiomic weight of lead? 

How many compounds dues it form with oxygen ? • 

In what light are wc to regard the weights adopted for the atonffs oWif- 
ferent substances ? • • 

• Introduction to the Atomic Theory, by Charles Daubeny, 

S-, Prof, of Chem. at Oxford. 1831, 8vo. pp. 42, 43. 
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hydrogen, in which case that of carbon would be 60, that of oxy- 
gen 80, that of sulphur IGO, that of iron 280, 'and so on, all being 
augmented in tenfold proportion. The combining number of 
hydrogen might be reckoned 100 or 1000, and those of the others 
increased in the same ratio ; or any given number W'hatever might 
be selected instead of u^ity, and a scale &f combining quantities 
formed to ccfi respond with it. 

127. But the obvious advantages of taking a series commencing 
with unity must at once be perceived. All chemists, however, 
are not agreed as to the propriet 3 rof making the atom of hydro- 
gen the foundation of the scale of equivalents. Thus Dr. Thom- 
son reckons tfte atomic weight of oxygen as 1, and consequently 
that of hydrogen J or 0.125* that^f carbon or 0.75, and that 
of sulphur or 2; and alters the series throughout in the same 
ratio. Others Inive fixed on 10 or 100 as the combining number 
6f oxygen, and regulated their scales accordingly. 

128. The preceding observations \yill enabfe the reader to un- 
derstand in some degree the causes of the varieties of the atomic 
weights attributed hf different writers to the «ame body ; some 
estimating the weight tvith reference to that of hydrogen as the 
standard, and some with reference to oxygon. There is, however, 
another source of discrepancy, which must not be left unnoticed. 
7'he determination of the atomic weigkts of bodies must in the 
first ii^stancB depend on chemical a'lialysis : and, as Professcl^ 
Daubeny observes, “we must admit that it is doubtful w'hether 
such accuracy in chemical analysis lias yet been attained, as to 
enable us to answer positively for a fraction not exceeding the 
300th or 400th part of the whole quantity to be determined; 
and this degree of exactness ?tt least would have been required 
to verify the law satisfiictorily in t^e higher part of the scale.”* 
TTcnce it is that Berzelius, cstiiiiating the atomic weights of dif- 
ferent bodies with reference to hydrogen, has given numbers vary- 
ing more or less from those which have been generally adopted ; 
his numbers being founded on his own analyses. The well-known 
skill and talent for research of this celebrated chemist, afford 
Strong presumptions in favour of the accuracy of his conclusions, 
which have been generally confirmed by more recent experiments 
of Dr. Turner, Professor of Chemistry in the University of Lou- 
don. This gentleman states, as the Result of his investigations, 
that, without denying the possibility of hereafter tracing some 

What is the practice of different chemists in regard to the substance 
*tvho8o atomic weight is made unity 

What will bo the relative number for hydrogen when the weight of the 
atom of oxygen is made 1 ? 

What will that of sulphur then bo ? 

On»wTir.t docs the determination of atomic weights depend ? 

To^what degree of exactness must analysis be carried in order to verify 
the numbers expressing atomic weights ? 


Introd. to the Atomic Theory, p. 39. 
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simple relation between the equivalents of bodies, he is convinced 
that the hypothesis of all equivalents being multiples by a whole 
number of the equivalent of hydrogen^ is inconsistent with the 
best analyses which chemists at present possess.”* 

12U. The best tables qjf scales of chemical equivalents, there- 
fore, which have been hitherto produced, 8re to be considered as 
by no means perfect, nor in the present state of our knowledge 
capable of being rendered so ; but notwithstandi^ their admitted 
defects, they may be provisionally adopted, as affording facilities 
for making calculations of the contents of compound bodies, or 
for checking the results of experiment, by reference to the com- 
bining proportions of bodies which have been submitted to analysis. 

130. A most ingenious and asefuU modification of the system 

of atomic weights was contrived by Dr. Wollaston, constituting 
his JLogometric Scale of Chemical JEquivalents, It is similar in 
principle to the common sliding rule, and like that instrument, has 
the usual Gunter’s Mne, or scale of logometric numbers, on the 
slidar; and upon a line adjacSnt to the slider, are marked certain 
points, corresponding to the numbers that remflsent the combining 
weights of the various elementary bodies, and of the acids, alka- 
lies, and other chemical compounds. Thus it is so constructed 
that when the number 10, which is reckoned the atomU weight 
of oxygen, stands opposite ato the name of that body, hydrogen 
will stand opposite 1.25, carbon opposite 7.5, nitrogen opposite 
17.5, iron opposite 35.0, and sulphur opposite to 20. Hence, if 
we wish to know how much of either of these bodies, as, for in- 
stance, iron, will form a binary combination with a given quantity 
of oxygen, as 14.5, we bring that number on the slider opposite 
the word oxygen in the scale, and tha number 50 will stand oppo- 
site the word iron ; indicating that 50 parts by weight of iron will 
combine with 14^ of oxygen to form protoxide of iron. And in 
the same manner it will be seen how much of any other body 
will combine with any given quantity of oxygen. f ^ 

131. As the combining atoms of bodies bear certain relations 
to each other by weight, so likewise, in some states they may 
manifest corresponding relations as to bulk or volume. Not long 
after Mr. Dalton in England had directed the attention of chemists 
to the relation existing between the weights of bodies which com- 
bine in different proportions, ])^M. Gay Lussac and Flumboldt in 
France established a similar correspr^dence between the volumes 
of oxygen and hydrogen, which unite together, proving that they 

What is the result of Professor Turner’s Investigation on this subject? 

How far may the scales of equivalents in use among chemists be relied on ? 

What is tlie descriptiqn of Wollaston’s scale of equivalents ? 

Describe some applications of that scale. 

In what other respect besides that of weight are combining bodie^lbuQd 
related to each other ? ^ 

* Second Report of tbo British Association. 1832, p. 572. « 

f See Paper on a Synoptic Scale of Chemical Equivalents, by Dr. WojN 
laston, in Philos. Trans, tor 1814. 



68 


CHEMISTRY. 


Combined in the proportion of one volume^ of the first to two of 
the second. Shortly after the French philosophers extended the 
seme inference f'enerallt/ to the combinations between j^ases ; 
showing that they united in the exact proportions of 1 volume of 
the one, to 1, 2, 3, or some other whole pumber of volumes of the 
second. ^ 

132. Tlftis one volume of carbonic acid, and one volume of am- 
monia, form carbonate of ammonia ; one of nitrogen and three 
of hydrogen form ammonia; one of chlorine and one of hydrogen 
form muriatic acid. The same law applies to vapours, such as 
those of alcohol and ether, as well as to true gases. M. Gay 
Lussac even rendered it probable that the combinations between 
solids and gases follow the > same- principle : that quantity of the 
former uniting with one or more volumes of the latter, w’hich, if 
existing in the form of vapour, would have occupied a correspon- 

*dent bulk. Thus carbon 6 and oxygen 16, by weight, form car- 
bonic acid ; hence 100 cubic inches of oxygAi will combine w4th 
12.7 grains of carbon. For 100 cbbic inches of oxygen weigh 
33,8888 grains, andt as 16 : 6 : : 33.8888 : 12J7- Now 12.7 grains 
of carbon may be stfown to occupy when in vapour 100 cubic 
inches, or exactly the same space as 33.8888 grains of oxygen, so 
that the ^combining quantities of the two bodies correspond in 
volume no less than in the number of atoms of which a volume 
of eg^h is made up. 

133. When aeriform fluids combine together, and produce by 
their union a new gas, they generally contract in bulk, or occupy 
less space than they did when separate. Now M. Gay Lussac 
found that when this takes place, they contract either to one-half, 
one-quarter, one-third, two-thirds, or some other quantity bearing 
an exact proportion to their aiitecedent bulk. Thus carbonic 
oxide 2 volumes, with oxygen 1 volume, form together 2 volumes 
of carbonic acid gas, there being a contraction of one-third ; 3 
volu\nes of hydrogen and 1 of nitrogen, form 2 volumes of ammonia, 
the gases contracting to one-half, and so with the rest,”* 

134. These facts exhibit the doctrine of combining quantities in 

On what researches was the Ihcorij of vohtme9 ibunilefl? 

What is the relation of iho two gaseous ingredients of water in regard 
to their bulk before coinbiimiioii ! 

What iiiiniber of vohimcH of the two e&n.sLitucnts enter into combination 
to fi>rm carbonate of ammonia ? ^ 

How has Gay liiissac exlcuijod tlie theory of volumes to other than ga- 
seous bodies ? 

How may wo compute the weight of carbon in a given bulk of carbonic 
acid ? 

What generally happens in respect to the hulk of combining gases after 
their ^union f 

Illustrate this in the case of carbonic oxide anti oxygen ; — liydrogon and 
niMgen. . 


* Daubeny*s Introd to the Atomic Theory, pp. 45, 46. 
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a new point of view, and serve to corroborate tlie inferences con- 
cerning the atomic constitution of bodies drawn from the consi- 
deration of the relations that have been shown to subsist between 
the weights of chemical equivalents. When we attempt, however, 
to reconcile the principle of combining weights with that of com- 
bining volumes, didiculties occur which^an only be completely 
dissipated by future researches. Thus we find thift 100 cubic 
inches of oxygen gas will combine with 200 cubic inches of 
hydrogen, to form 200 cubic inches of aqueous vapour; so that the 
quantity of the hydrogen in water by measure, is aouble that of the 
ox 3 "<ren. Hence Sir H. Davy concluded that an s^om of water 
consisted of 2 atoms of hydrogen and 1 of oxygen ; and therefore 
that the atom of the latter shouid be represented by 16, that of the 
former being unity. 

135. This estirriate of the weight of an atom of hydrogen as 
being that of an atom of oxygen is inconsistent with the combin- 
ing proportions of tlie hydrogen in other cases, and it has conse- 
quently been rejected, while that originally proposed by Dr. Dal- 
ton, which rates the two volumes of hyde^en as one atom, has 
been preferred in making computations. Dr. Prout, however, is 
disposed to adhere rigorously to the principle of equivalent vo- 
lumes rather than that of combining weights. He says : “It has 
been found by experimenf, that the same volumes of different 
bodies in the gaseous Btates*have very different weights. ^Thus, 
for instance, a volume of oxygen weighs sixteen times as much 
as the same volume of hydrogen. Hence, as the number of self- 
rffpulsive molecules in each of these gases is presumed to be the 
same,* the weight of the self-repulsive molecule of oxygen must, 
of course, be sixteen times greats than that of hydrogen ; and 
generally, the weights of the se^f-repulsive molecules of adl bodies, 
will be as the specific gravities of these bodies in the gaseous 

What c(Ic(:t has tlie theory of volumes on that of atomic weights f 

What diflloiilties occur in reconciling the two ? 

What view has Dr. Prout advanced on this subject? 

On what is tho presumption that equal volumes of all gases contain the 
same number of atoms ? [See note.] 

* The presumption that equal volumes of different gases contain exactly 
tho same iiiuiibcr of atoms, is Biiindcd chiefly on a law propoundod by 
Mariotto, that the volume of any gas is universally as the pressure applied 
to it; since it is supposed that if the nuinber of atoms in each gas was not 
the same, the law of diminution of volume under pressure would vary with 
respect to the different gases. It appears,' however, from the most exact 
experiments, that this law strictly applies only U> the permanent gases, as • 
oxygen, hydrogen, and nitrogen, which cannot be reduced to the liquid 
state by extreme pressure and low temperature ; and these gases at any 
given temperature diminish in volume under pressure in the same ratio 
with atmospheric air. But sulphurous acid and other condensaVd msos, 
submit to pressure more readily than common air. V. Mit8cherlich*& In- 
troduction to Chemistry, vol. i. p. 131; and Jolftiston^s Report on Chem. 
Science to the British Association, 1832, pp. 420, 421. 451. Hoflbe it must 
be admitted, that Mariotte's law, while it fails with respect to condensable 
gases or vapours, at least holds good with regard to oxygen and hydrogen. 
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state, or will bear certain simple relations to th(^se specific j^rr^vi- 
ties.”* He subsequently remarks, that ‘‘a strictly philosophical 
arrangement, supposing the principles we have advanced to be 
well rounded, would, require that fnc vuhime in all imta/tc^s fthould 
be made the moltctUar unit / in which case the relative weights of 
the self-repulsive mollBCules of hydrogen and oxygon, as above 
mentionedf will be as 1 to IG/’f 

136. From the doctrine of relations between combining atoms 
or self-repulsive molecules and. combining volumes adopted by 
Dr. Prout, it will directly follow, as he observes, that the atoms 
of bodies v;ill be as their specific gravities, or liave certain 
relations to their specific gravities, f fence the determination 
of the exact specific gravities ^f the gases is of the utmost 
importance* Unfortunately, in the results hitherto obtained from 
their experiments and calculations, chemists agree as little in 
their estimates of specific gravities, as in those of atomic w^eights. 
Till these can be ultimately detcrjiiined through the continued 
researches of philosophical inquirers, w^e must employ the most 
accurate approxima^^ns w'hich can be deduced from the informa- 
tion already obtained. 

137. In this point of view the following table of the specific 
gravitics^of aeriel bodies, :f: from llrande’s .Journal cf IScionce, vol. 
lii., is deserving of attention. It w^As drawn up by Professor 
Mek ecke, of Halle, in Saxony, from stoechiometric§ calculations, 
founded on the comparison of the experiments of various chemists 
on the differeiit elastic fiuids. 

Whnt consoqiience will follow from admitting this supposition ? 

Whnt ronforinity exists aruong«tho sovenil detcrniiriatiuns of Iho specific 
gravity of the gases as obtained ny difToreni chemists i 

♦ Dr. Prout’s Chemistry, MeteoroJogj% p. 134. t Id. p. 135. 

t In the table of the text the specific gravity of each vapour is compared 
withfthat of common air, taken at the temperature of the boiling point of 
the liquid from which it arose. The following table exhibits the specific 
gravity compared with air, at 60”, and also tliat of each liquid, at 60” together 
with its boiling point : — 



Name of the Voi^wr, 

•• 

tl. 

fi % 

j?-” 

•5: 

■V . 
>3 

» 

1 

I 

iVanour of water. 


025 

.4HI 

i.UUO 

212'' 

J>o. 

hydrocyanic aciu 


.917 

.91, 

.7at9 

79.7 

l>o. 

alcohol 


\sm 

i.rui 

.79rt 

173 

lln. 

muriatic ether 


2.219 

2.255 

.874 

62 

Do. 

sulphuric ether. 


2.586 

2.41.*) 

.6:12 

96 

Do. 

Bulphuret of carbon 


2.638 

•2.376 

1.272 

116 

Do. 

oil of turpentine 



.3.343 

.792 

326 

Y.t Do. 

hydriodic ether 


5.47.5 

4 666 

1.921 

11K 


6eo Thompson on Ifeat, p. 218. — Ed. 

$ Tharis, calculations of the specific gravity of compounds from a know- 
IMge of that of their dements. From Xrocxcioy onelement, and perpov a 
measure. 
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Tdble of the Specific Gravities of Gases- and Vapours* 


1. Hydrogen gas . . . . 0.0694 1 0.0625 

2. Protocarburetted hydrogen gas . . . 0.5555 S 0.5 

3. Azoted hydrogen gas, or ammoniii . . 0.5901 8^ 0.5312 

4. Vapour of the protoxide of hydrogen* or aqueous ) q ^250 9 0 5625 

vapour • • > * ) ft 

5. Vapour of hydrocyanic acid, or prussic acid . 0.9374 13 J 0.8437 

6. Gaseous protoxide of carbon, or carboqic oxide . 0.9722 14 0.875 

7. Percarburetted hydrogen gas, or olefiant gas . 0.9722 14 0.875 

& Azote, or nitrogen gas .... 0.9722 14 0.875 

9. Atmospheric air . . . . . |l. 14} 0.9 

10. Gaseous deutoxide of azote, or nitrous gas . 1 1.041 15 0.937 

11. Oxygen gas . • . . . . .11.111 16 1. 

12. Hydrosiilphuric gas, or sulphuretted hydrogen .'1.150 17 1.062 

13. Hydrochloric gas, or muriatic acid gas |1.274 18^1.156 

14. Carbonic acid gas * . . . . '1.627 22 1.375 

15. Gaseous protoxide of azote, or nitrous oxide 1.527 22 1.375 

16. Alcoholic vapour .... 1.597 23 1.437 

17. Vapour of cyanogen ... . j 1.806 26 1.625 

18. Chlorocyanic acid vapour . . . . .2.153 31 1.937 

19. Sulphurous acid gas • • • • .,2.222 32 2. 

80. Chlorine . . . . . ;2.S 33 8.» 

21. Ethereal vapour .... . j2.569 37 j2.312 

22. Nitrous acid vapour . . . . ,2.638 38 |2.375 

23. Percarburet of sul[)hur, or sulphuret of carbon . -2.638 38 |2.375 

24. Carbochloric aci d, or phosgene gas ^ . 13.473 50 3.125 

138. (6.) The object of this law of chemical ailinit]r is to 
determine the influence of circumstances on the combination 
of bodies with each other. [1^ With respect to those cases 
where compounds are formed ^om the mere mixture of their con- 
stituent parts, but few observations will be requisite. Smne 
bodies exert no action on each other, when placed in contact 
under any given conditions ; and, therefore, so far as our knowledge 
extends, are to be considered as incapable of union. The simple 
bodies in general have a strong tendency to combine together ; 
but when two compound bodies are intermixed, it will frequently 
happen that instead of forming a mingled mass or a single che- 
mical compound, they will decompose each other. Among the 
circumstances that facilitate the union of bodies, are intermixture 

How many times is atmospheric air heavier than hydrogen ? 

How many times is sulphurous acid gas heavier than oxygen ? 

How many times is chlorine heavier than atmospheric air? — than hydro- 
gen ? — ^than oxygen ? 

What is the heaviest of gaseous bodies ? 

Is the vapour of ether or of alcohol the heavier ^ , 

What tendency is manifested by the simple bodies in regard Jg each 
other? , . • 

What circumsiances facilitate the union of bodies 1 

F 
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and augmentation of temperature, the effects of which have been 
noticed in treating of the second and third laws of affinity. 

139. [2.] In the case of single elective attraction, exhibited 
in the decomposition of a compound body when a simple body is 
presented to it, the phenomena will dep^^nd on the relative affinity 
of the latter for one of the elements of the former. The series 
of decompositions adduced to exemplify the first law of chemical 
affinity may be referred to as exhibiting to a certain extent the 
relative affinities of the severaV bodies. The law of elective at- 
traction on which such decompositions depend, is, however, sub- 
iect to somr important modifications. It has been stated that lime 
separates ammonia from its combination with sulphuric acid. (See 
p. 29.) Bergmann conceived that such decompositions were 
BoUlxf determined by chemical attraction, and that, consequently, 
the order of decomposition represented the comparative forces of 
affinity : and this view, from the simple and natural explanation 
it afforded of the phenomenon, for a time very generally 
adopted. 

140. But Berg^nann was in error. It do^s not necessarily fol- 
low, because lime cam separate ammonia from sulphuric acid, that 
the lime has a greater attraction for the acid than the volatile al- 
kali. Other causes are in operation which modify the action of 
affinity to such a degree that it iU impossible to discover how 
mWch of the effect is owing to that power. It is conceivable that 
the ammonia may in reality have a stronger attraction for sul- 
phuric acid than lime, and yet the lime, from the great influence 
of disturbing causes, might succeed in decomposing sulphate of 
ammonia. The justness of the foregoing remark will be made 
obvious by the following e'kample : When a stream of hydrogen 
gas is passed over the oxide ofJron heated to redness, it deprives 
the iron of its oxygen entirely, combining with it so as to form 
w^tcr. On the contrary, when watery vapour is brought into con- 
tact with red-hot metallic iron, the oxygen of the water quits the 
hydrogen, and combines with the iron. 

141. It follows, from the result of the first experiment, according 
to Bergmann, that hydrogen has a stronger attraetjon for oxygen 
than iron has ; and from the second, that iron has a greater affinity 
for oxygen than hydrogen has. But these inferences are incom- 
patible with each other. The affinity of hydrogen for oxygen 
roust be either equal to that of iron, or greater, or less. If the first 
is the case, then the result of both experiments was determined 
by modifying circumstances ; since neither of those substances 

On what do the phenomena of single elective attraction depend ? 

What view of Bergmann's on this subject was formerly adopted by che- 

^ What example furnishes nii exception to the law that chemical decom- 
position depends enArely on affinity ? 

Ho^ may we reason on the experiment with hydrogen, watery vapour, 
and hot iron 7 
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ought, on this supposition, to take oxygen from the other. If the 
second, then the decomposition, in one of the experiments, must 
have been determined hy extraneous causes, indirect opposition to 
the tendency of affinity.”*' 

142. The fallacy of Bergviann^s inferences relative to the absolute 
effect of affinity in the production of chemic^hl decompositions was 
first pointed out by Berthollet, who demonstrated tha^ tables of 
decomposition cannot be considered as indicating, under all cir- 
cumstances, the order of affinity qf bodies. He also showed, that 
the action of affinity is modified by various causes, of the operation 
of which in a variety of cases he gave a consistent explanation. 
That philosopher, however, overrated the influence of occasional 
causes on the phenomena of decomposition, when he attributed 
them to such causes only, denying the existence of elective affinity 
as an invariable force. Dr. Turner observes : “ That chemical at- 
traction is exerted between bodies with different degrees of energy 
is indisputable. Wdler has a much greater affinity for muriatic 
acid and ammoniacal gases than for carbonic acid and sulphuret- 
ted hydrogen, and fot these than for oxygen gOd hydrogen. The 
attraction of lead for oxygen is greater than that of silver for the 
same substance. The disposition of gold and silver to combine 
with mercury is greater than the attraction of platinum and iron 
for that fluid. As these differences cannot be accounted for by 
the operation of any modifying causes, we must admit a difference 
in the force of affinity in producing combination. It is equally 
clear, that in some instances the separation of bodies from one 
another can only be explained on the same principle. No one, I 
conceive, will contend that the decomposition of hydrioJic acid by 
chlorine, or of sulphuretted hydrogenPby iodine, is determined by 
the concurrence of any modifying circumstances.”}* 

143. [3.] Complex elective attraction differs from that already 
described, in exhibiting a more complicated play of affinities ; ^nd 
hence it is in such cases that anomalous appearances occur, trom 
the influence of disturbing causes. Compounds may be decom- 
posed by means of complex affinity, when they resist the opera- 
tion of simple affinity. Thus nitric acid alone will not decompose 
sulphate of -soda, for the sulphuric acid combined with the soda 
has a stronger affinity for that alkali than the nitric acid ; but if a 
solution of nitrate of barytes, er the compound of nitric acid with 
the earth called barytes, be added to a solution of sulphate of soda, 
a double decomposition will take place, the sulphuric acid quitting 

What did Berthollet attempt to prove in regard to the relation between 
affinity and chemical composition ? 

By what examples may we prove that different degrees of energy are ac- 
tually exerted between different bodies? 

What cases of decomposition be cited to prove the same poiaiH 

In what respect does complex diflter from simple elective attraction ? 

State an example of decompo sition by complex elective aitrac^ n ? 

• Dr. Turner’s Elements of Chemistry, 4lh ed. 1833, pp. 16'^, 168. 
t Ibid. 
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the soda to unite with the barytes, and the nitric acid separating 
from the earth to combine with the alkali; and the result will be 
two new compounds, namely, sulphate of barytes and nitrate of 
soda. 

144. Such processes of complex affieity may be conveniently 
exhibited hy means of S diagram, which appears to have been first 
employed ny Dr. Black. The result of the decompositions just 
described might be thus represented : 

Nitric Acid * ^Barytes 



Sulphuric Acid — — Soda 

145. In any given case, the relative,af5nities of the substances 

for each other may be denoted by numbers. When two salts are 
brought within the sphere of mutual action, they will not become 
decomposed, unless the affinities which tend to form new com- 
pounds are superior to those which tend to keep the constituents 
of the original compounds united. Mr. Kirwan adopted the term 
divtlknt affinity, to signify th^t attraction which favours decompo- 
sition ; and quiescent affinity for that which opposes a change of 
state. * 

146. The effect of peculiar circumstances on complex affinity 
mayrbe observed when carbonate of lime is mixed with muriate 
of ammonia, and the two salts in a dry state are exposed to heat; 
double decomposition takes place, and carbonate of ammonia and 
muriate of lime are produced : and, on the contrary, if a solution 
of carbonate of ammonia in water be mixed with a solution of 
muriate of lime, decomposition will also take place, tifie lime will 
unite with the carbonic acid, and the ammonia will enter into com- 
bination with muriatic acid. The decomposition which occurs in 
this case, however, is more Extensive than might at first be sus- 
pected. What is called muriate of lime is really a chloride of 
calcium, or the metal which* forms the basis of lime. Now, when 

Draw and explain the diagram illustrative of this decomposition ? 

Wi^n may two salts actually decompose each other 7 

Kowmay their relative affinities be expressed ? 

What terms did Kiriy,an employ to express the forces which favour and 
those which prevent decomposition 7 

In whilt example may we find the effect of modifying circumstances on 
chemical affinity 7 

How .'s the anomaly in this case to be explained 7 
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carbonate of lime and muriate of ammonia are heated together, 
both the lime and muriatic acid are decomposed, the oxygen of 
the lime and the hydrogen of the acid being driven off ; while the 
metallic calcium enters into union with the chlorine from the 
muriatic acid, and the carbonic acid which was united with the 
lime combines with the ammonia. The decomposition of the car- 
bonate of ammonia and chloride of calcium, by mixing^heir solu- 
tions, maybe similarly explained ; for the chloride of calcium de- 
composes water, the oxygen of which combines with the metal to 
form lime, and the hydrogen unites with the chlorine thus set free 
to form muriatic acid, which separates the carbonic acid from the 
ammonia to combine with it, leaving the latter acid to form a union 
with the lime. 

147. Another case of reciprocal decomposition may here be 
mentioned, which does not so readily admit of explanation. Sir 
H. Davy has remarked, that *^in many cases, decompositions that 
cannot be produced •by single attractions, may be produced by 
double afTinities. Thus the*elements of sulphate of barytes, or 
the comhination of sulphuric acid with the earth called barytes, 
are so firmly united, that no alkali, nor earth, ^ill separate the acid 
from the barytes. Potash, which has a very strong attraction for 
the acid, will not decompose it alone ; but if potash combined 
with carbonic acid be digested for some time with powdered sul- 
phate of barytes, there is a (k)uble decomposition ; and com.^ na- 
tions of sulphuric acid and potash, and carbonic acid and barytes, 
are formed.”* It appears, however, from experiment, that not only 
may the decomposition stated take place to a certain extent, but 
that likewise, ^iimilar ctrcumstayiccs^ sulphate of potash will 

decompose carbonate of barytes. 

118. Mr. Richard Phillips foynd, that on boiling 100 parts of 
sulphate of barytes and 69 parts of carbonate of potash, for two 
hours, in four ounces of water, more being added, from time to 
time, to supply the loss from evaporation, 23 parts only of the%ul- 
phate of barytes were decomposed, producing 19.5 of carbonate of 
barytes. As the converse of this experiment, he then, in the same 
manner, boiled 85 parts of carbonate of barytes with 74 of sulphate 
of potash, affid found that 57 parts of the carbonate were decom- 
posed, yielding 67 parts of sulphate of barytes. From these and 
other experiments, Mr. Philligs infers that the complete decompo- 
sition of the salts, in either case, is prevented by the reproduction, 
during the process, of the insoluble cornpounds.f M. Diilong 

B 

Kxplain Hepnratcfly tho rase of heating and of solution ? 

ITow may potash he made to decompjsti sulphate of barytes? 

How may the resulting comfiounds be made to decum^so each other 
and lo reproduce the original materials? 

Slate the experiment of .Mr. Phillira on these materials? 

What iiiferiJiire was drawn from that experiment? 

* Kloments of Chemical Philosophy, p. 103. ^ 

t See paper ** On an Anomalous Case of Chemical Affinity,” by R. Phil- 
lips, ill Jour, of Science, ed. at R. I., vol. i. 

F 2 
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had been previously engaged in researches on the same subject, 
from which were drawn the following conclusions: 1. That all 
the insoluble salts are decomposed by the carbonates of potash or 
soda ; but that a complete exchange of principles of these salts can- 
not take place. 2. That all the soluble salts, of which the acid 
forms with the base of^the insoluble carbonate an insoluble salt, 
are decom|fosed by these carbonates, until the decomposition has 
reached a certain limit, which it cannot pass.* 

149. (7.) It has been remarked, in tne discussion of the pre- 
ceding law of chemical affinity, that when compound bodies are 
brought witlyn the sphere of each other^s action, they may be mu- 
tually decomposed, or they may combine to form sur-compounds. 
This last result is what takec place when acids unite with metallic 
oxides to constitute salts, or when oils and alkalies are united to 
form soaps. Hence a distinction of bodies has been made into 
primary compounds and secondary compounds ; and these again have 
been variously subdivided by systematic wrKers. The primary 
compounds are not all formed by the simple union of two bodies : 
those which arc thu£ constituted may be termed binary compounds, 
which, next to the simple bodies themselves, are of the utmost 
importance. Next to these may be placed the primary com- 
pounds with double bases; such are the tartaric, citric, malic, 
and other acids, in which h 3 ^drogen and carbon unite to form the 
res^tive bases, which combine with oxygen; the prussic or 
hyarocyanic acid, consisting of cyanogen, a compound of carbon 
and nitrogen, acidified by hydrogen ; and an acid which has been 
termed the hydrozanthic, the base of which is carbon and sulphur, 
as in the last case, acidified by hydrogen. * 

150. The primary compounds may be systematically arranged 
in three principal classes: 1. Ac^ds ; 2. Bases; and 3. Neutrals. 

The term Acid was formerly used to denote certain substances 
characterized by their sour taste, the property of changing the 
bln#' colour of vegetables to red, and that of combining with alkalies 
and certain earths to form salts, or as they were termed neutral 
salts : all the bodies regarded as acids being liquids, or else gases 
or solids, capable of being readily reduced to the liquid form, by 
uniting with water. Lavoisier having found that 8>3me of the 
most powerful of the acids, as the sulphuric and the nitric, were 
composed of certain bodies united to a large proportion of 
oxygen, concluded that oxygen was the general acidifying princi- 

What were Dulong*R conclusions from similar experiments ? 

What two different effects may proceed from the mixture of compound 
bodies ? 

What distinction of bodies has been founded on this difference of effects 7 

To what class of bodies is the tona binary compound applicable ? 
some examples of primary compounds with double bases. 

«What are the three classes of primary compounds 7 

How was the term acid formerly used ? 

^ See Annales de Chimie, vol. Ixxii. ; and Dr. Urc's Diet of Chemistry, 
art Attraction. 
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pie, and therefore considered all acids as compounds containing 
an excess of oxygen. 

151. This doctrine was rendered untenable by the discovery of 
properties regarded as characteristic of acids, (such as the red- 
dening of vegetable blues, and the formation of salts with 
alkalies,) in the compound of sulphur Vith hydrogen, or sul- 
phuretted hydrogen ; and by the discovery of Davy rerative to the 
nature of chlorine, and the constitution of muriatic or hydrochloric 
acid. Subsequent researches h^e furnished reasons for extending 
the appellation of acid to certain compounds of chlorine, iodine, 
bromine, fluorine, hydrogen, sulphur, selenium, aiid^some of the 
metals ; and the acids containing oxygen have been styled oxacids, 
by way of distinction. On thA same principle have been formed 
the terms chloracids, iodacids, bromacids, duoracids, hydracids, 
sblphuracids, &c. But the state of science at present hardly en- 
ables us to discriminate properly between such of the various 
combinations of the* simple puhstances above mentioned as cor- 
respond with the acid compounds of oxygen, and those corres- 
ponding with the bxides. 

152. The primary cr)mpounds called Bases include such as 
have been heretofore termed alkalies, earths, and metallic oxides. 
The alkalies, except ammonia, are now known to be oxides; 
three of the four alkalies Vith simple bases, lithia, potash, and 
soda, being oxides of certain metals, and the other animoflia, a 
combination of hydrogen with nitrogen, which might therefore be 
sWled nitrogiiret of hydrogen. Besides these, there are a number 
of newly-discovcred alkalies, having compound bases, and chiefly 
procurable from vegetable substances, as morphine, from opium ; 
strychin, from mix vomica; and dinchonin and quinine, from 
Peruvian bark. Such of these alkalies as have been analyzed are 
found to be oxides with bases composed of various proportions of 
hydrogen and carbon, and in some cases of hydrogen, carbon^ and 
nitrogen. 

153. The earths, like most of the alkalies with simple bases, are 
metallic oxides. Silica, however, long classed among the earths, 
though a compound of oxygen with a simple base, di&rs from the 
rest in various respects, acting the part of an acid in the formation 
of the numerous mineral compounds in which it is contained. 

154. Among the primary compounds, those termed chlorides, 
iodides, bromides, &;c., with most •f which we are yet but very 
imperfectly acquainted, will nevertheless probably prove to be an 
interesting and important class of bodies ; and this will hardly be 

What was Lavoisier’s view of the constitution of all acids ? 

How was Ills definition of an acid subverted 7 

What term is now applicable to acids formed of oxygen f 

What terms apply to the other classes of these substances ? 

What is meant by the term base ? ^ 

What classes of bodies formed by the ancient chemists has it oeeii ap» 
plied to signify 7 

What are the bases of the newly discovered alkaline bodies 7 
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questioned when it is considered that chloride of sodium^ or com** 
mon salt, and chloride of calcium, improperly called muriate of 
lime, are among the bodies in question. 

155. Of the primaiy compounds termed Neutrals, it will be suffi- 
cient here to state, that Dr. Thomson hqs arranged them under 
seven heads, namely, whter, alcohol, volatile oil, fixed oil, bitu- 
men, and ethal, an oleose kind of matter which Chevreul, a French 
chemist, procured from spermaceti. 

156. The most important of tlyp secondary or sur-compounds, 
are those arising from the combination of acids with bases. Those 
best known af-c the compounds of the oxacids with the alkalies 
with simple bases, or w ith certain of the earths and metallic ox- 
ides. As examples may be na3ntioi»ed, sulphate of soda, (glauber 
salt,) nitrate of potash, (salt-petre,) sulphate of magnesia, (Epsom 
salt,) and acetate of lead (sugar of lend.) All these, as well as 
many others that might be named, are readily soluble in water ; thus 
corresponding with the popular notion of saltif. But other com- 

f munds of acids and metallic oxides arc insoluble, as carbonate of 
ime, (chalk,) sulphS^o of barytes, (ponderous^spar,) sulphate of 
lead, and phosphate of mercury. Some salts have compound 
bases, as alum, which is a sulphate of potash and alumine ; 
nitrate of ammonia and magnesia, phosphate of ammonia and soda, 
sulphate of ammonia, and oxide of iroiv, muriate of ammonia and 
magif&sia, &c. The acids with compotind bases also unite with the 
alkaline and other bases to form salts. Of this description are the 
siilpho-cyaiiate of lime, the salts formed by the prussic acid, and 
the numerous salts formed by the acetic, tartaric, and other hydro- 
carbonous acids. 

157. It was from the analysfSs of the neutral salts, and the ob- 
servation of the relation of the coivbiniiig quantities of the various 
salts to each other, that Wenzel and liichter were led to those 
speculations on chemical affinities, which furnished a foundation 
for the more extensive researches of Dalton, Berzelius, and other 
philosophers, relative to the theory of definite proportions. ^ As 
binary compounds consist of certain numbers of atoms or equiva- 
lents of their constituent parts, so w'hen they enter into new com- 
binations, forming sur-compounds, they unite in proportions 
which bear certain relations to the combining numbers of those 
constituents. Thus the combining «mHnbers or equivalents of 
compound bodies, as salts, arfi the sums of those of the acids and 
bases of which they are formed. As, for instance, potash consists 
of potassium, atomic weighf40, and oxygen, atomic weight 8, and 
as It contains an atom of each, its combining number, or atomic 

W^at is the true rhemicnl nature of the earihn ? 

How^many bodies are included under the term neutralsl 
What are the most iiyercsting among our compound bodies ? 

Give B^me examples of these bodies. 

Name the salts and acids which have compound bases. 

What investigation furnished the foundation of the prevailing theories 
respecting chemical proportions ? 
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weight is 48; so sulphuric acid is composed of sulphur, atomio 
weight 16, and oxygen 8, and consisting of one atom of sulphur 
to t&ee of oxygen, its atomic weight must be 3x8=244- 16=40; 
hence sulphate of potash will have for its combining weight 48+ 
40=88. 

158. The atomic weignis or comoining proportio||^8 of other 
salts are in the same manner derived from those of their constitu- 
ents ; and when they enter into new chemical combinations, such 
always take place with reference to their atomic weights, or mul- 
tiples of those weights. 

Berzelius concludes, from numerous experiment on a vast 
variety of bodies, that the law of combination by definite propor- 
tions, pervades the whole of nature, and that it extends not only 
throughout the productions of the mineral kingdom, but also to 
those derived from animals and vegetables. 

Simple BoSiea and ffuir Primary Compounds* 

159. Among tho^ that are considered as^elementary bodies, 

many seem to be of little importance in the economy of nature, 
since they are never found in an uncombined state ; and from the 
most recent researches of chemists, it may be concluded that they 
exist but in minute quantities in their several compounds. It is 
from the union of a few elemqptary or simple substances, that the 
vast variety of the forma of matter observable in the animal, ^ge- 
table, and mineral kingdoms, are chiefly produced. Of organized 
bodies, though their proximate elements are often the result of 
complicated combinations, yet the ultimate products from analysis, 
are generally few in number. ^ 

160. Vegetables, when their complete decomposition is effected, 
are found to consist principally df oxygen, hydrogen, and carbon ; 
and animal matter, when submitted to the crucible of the chemist, 
hardly yields a greater variety of products, being chiefly diMin- 
guishable from vegetable substances, as affording nitrogen or 
azote, in addition to the simple bodies just mentioned. It is true 
that sulphur, phosphorus, and some of the metals, as iron and man- 
ganese, sometimes enter into the composition of both animals and 
vegetables, but in relatively small quantities. In the mineral 
kingdom, a more copious variety of ultimate products occurs, in- 
cluding, of course, those simple bodies which are not found in 
animals or vegetables. But even hSre the ultimate elements of 
the great masses which constitute the mineral crust of the terres- 
trial globe are so distributed, that a lelatively small number of 

How are the combining numbers of compound bodies related to those 
of their constituenis ? 

How is this illustrated in the case of sulphate of potash ? ^ 

How extensive, according to the researches of Berzelius, is the Aw fif 
chemical combination ? ^ 

Of what simple bodies are vegetables composed ? 

Of what ones are animal substances constituted ? 

In which of^he three great departments of nature is the largest number 
of simple bodies found ? ' 
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them only enter into the composition of the most abundant and 
widely distributed compounds. 

161. Some interesting speculations on the relative qualities of 

the simple substances contained in the earth’s crust, have been 
advanced by Mr. De Beche. • 

^^The pyncipal substances entering into the chemical compo- 
sition of our planet’s surface may be classed in the following 
order, according to the respective importance of each : 

Simple Non^methUic Substances, 

1. Oxygeq, I 3. Nitrogen I 5. Sulphur I 7. Fluorine 

2. Hydrogen | 4. Carbon | 6. Chlorine | 8. Phosphorus. 

Metallic Bases of the Alkalies and Barths, 

1. Silicium*' I 3. Potassium | 5. Magnesium 

2. Aluminum | 4. Sodium | 6. Calcium. 

Metals^ the Oxides of which are neither Eaf ths nor Alkalies, 

1. Iroi^ I 2. Manganese. • 

“ It would appear. Therefore, that sixteen substances, commonly 
considered simple, constitute, by their various combinations, if not 
entirely, at least by far the largest amount of all the matter which, 
either gaseous, liquid, or solid, organii'; or inorganic, is known to 
exisi«on the surface of the carth.’°fs 

162. Since, then, these bodies, through their relative affinities, 
exercise so extensive an influence over that portion of the universe 
with which we are acquainted, they obviously claim the fullest 
investigation, with respect to their individual properties and seve- 
ral conibiiialions. Some o6 those bodies, however, which are 
comparatively rare, are still, oq, various accounts, curious and 
interesting; and all the simple substances require some further 
notice. The following pages, therefore, will contain a brief 
account of the chemical properties of the simple bodies of both 
classes, and of those of their most important compounds. 

163. Table of the Binary Compounds of the Non*metallie Elements^ 
Chlorine. 

Protoxide, 1 Ch. 1 Ox. 

Peroxide, 1 Ch. 4 Ox. 

Chloric a^id, 1 Ch. 5 Ox. 

Oxychloric acid, 1 Ch. 7 Ox. 

Muriatic^ add^ 1 Ch. 1 Hyd. 

How has Do la Beche arranged the substances composing the crust of 
the earth? 

JS»*imenite the first class of these substances, — the second, — the third. 

^ivS the names and combining ingredients of the compounds of chlorine. 

^ Mr.^Oe la Beche ranks the base of siliceous earih among the metals; 
but Berzelius and other recent writers reckon it among the non-meUdlic 
elements. See p. 22, No. 38. 

t Researches on Theoretical Geology, 1834, pp. 23 24. * 
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Iodine. 

Iodic acid, 1 I. 5 Ox. 

Chloriodic acid, 2 I. 1 Ch. 

Bromine. 

Bromic acid, 1 Br. 6 Cx. 

Chloride of bromine. 

Y\vior\\ie,—Hydrojluoric acid^ 1 FI. 1 Hyd. 

Hydrogen. 

Water, 1 H. 1 O. 

Peroxide of 'hydrogen, 1 H. 2 Ox. 

Muriatic acid, 1 H. 1 Ch. 

Hydriodic acid, 1 H. 1 I. 

Hydrobromic acid, 1 H. 1 B. 

Hydrofluoric acid, 1 H. 1 F. 

Nitrogen. 

Atmospheric air. 

Nitrous oxide, 1 N. 1 Ox. 

Nitric oxido, 1 N. 2 Ox. 

Hyponijrous acid, 1 N. 3 Ox. 

Nitrous acid, 1 N. 4. Ox. 

Nitric acid, 1 N. 5 Ox. 

Chloride of nitrogen, 1 N. 3 Ch. 

Iodide of nitrogen, 1 N. 3 I. 

Ammonia, or nitroguret of hydrogen, 1 N* 3 H. 

Carbon. 

Carbonic oxide, 1 C. 1 Ox. 

Carbonic acid, 1 O. 2 Ox. 

Oxalic acid, 2 C. 3 Ox. 

Protochloride of carbon, 1 C. 1 Ch. 
Perchloride of carbon, 2 C. 3 Ch. 

Iodide of carbon, 1 C. 1 I. 

Sesqui-iodide of carbon, 2 C. 3 I. 

Bromide of carbon. 

Subcarburet of hydrogen, 1 C. 2 H. 
Carburet^f hydrogen, 2 C. 2 H. 

How many compounds of iodine are enumerated by chemists ? 

How many of bromine ? 

What is the constitution of water ? 

What is that of peroxide of hydrogen 

How many compounds are there of nitrogen and oxygen ? 

What is the composition of atmospheric air of nitrous oxide 7-j-nitric 
acid ? ® 'r 

How many and what compounds does carbon i^rjn with oxygen ? — 
many with <mlorine ? — with iodine 7 . 

Has¥ many and what compounds are formed of hydrogen ana carbofi 7 
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Carbon eoniinutd. 

Bicarburet of hydrogen, 2 C. 1 H. 
Quadricarburet of hydrogen. 4 C. 4 H. 
Naptha. 

Caov'tchouc. 

Cyanogen, 2 C. 1 N. 

Boron. 

Boracic acid, l» B. 2 Ox. 

Chloride of boron, 1 B. 2 Ch. 

Fluoride of boron, 1 B. 3 F. 

Silicon. ^ 

Silex or silicic acid, 1 Si. 3 Ox. 

Chloride of silicon. 

Fluoride of silicon, 1 Si. 1 F. 

Phosphorus. 

Phosphorus acid, 2 Ph. 3 Ox. 

Phosphoric acid, 2 Ph. 5 Ox. 
Hypophosphorous acid, 2 Ph. 1 Ox. 

Chloride of phosphorus, 1 Ph. 1 Ch. 
Perchloride of plio^horus, 1 Ph. 2 Ch. 

Iodide of phosphorus. 

Periodide of phosphorus, 1 Ph. 2 I. 

Bromides of phosphorus, ^ | pjj* ^ gj* 

PhosnhuretU^d hydrogen, 1 Ph. 1 H. 
Subphosphuretted hydrogen, 1 Ph. 3 H. 
Phosphuret of carbon, 1 Ph. 1 C. 

Sulphur. 

Hyposiilphiirous acid, 1 S. 1 Ox. 

Sulphurous acid, 1 S. 2 Ox. 

Hyposulphuric acid, 2 S. 5 Ox. 

Sulphuric acid, 1 S. 3 Ox. 

Chloride of sulphur, 1 S. 1 Ch. 

Iodide of sulphur. 

Bromide of sulphur. 

Sulphuretted hydvogen, 1 S. 1 H. 
Supersulphuretted hydrogen. 

Enumerate the compounds of boron and those of silicon with the pro* 
portions of each ? 

With how many simple non-metallic substances does phosphuros unite ? 
How many of its compounds are acids ? 

two csompounds and in what proportions does it form with hydro- 

g^f 

How many of the ncTn-metallic bodies are capable of combininir with 
sulphur 1^* 

How many of the compounds of sulphur have acid properties ? 
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Sulphur continued. 

Sulphuret of carbon, 3 S. 1 C. 

Sulphuret of phosphorus, 1 S« 1 Ph* 

Selenium.^ 

Selenious acid, 1 Se. 9 Ox* 

Selenic acid, 1 Se. 3 Ox. 

Protochloride of selenium, 2 Se. 1 Oh. 

Perchloride ^ Selenium, 1 Se. 1 Ch. 

Hydroselenic acid, 1 Se. 1 H. 

Oxygen. 

• • 

164. The gaseous body named by the French chemists oxygen, 
or the acidifying principle,^ may be obtained in a simple or un- 
combined state by several different processes, and especially by 
the application of heat to the combination of oxygen with certain 
metals, as mercury, manganese, or lead. 



The apparatus exhibibited above affords a convenient method 
for the production of this gas by tlie decomposition of metallic 
oxides. Let a small quantity»of red oxide of lead, (minium or 
red lead,) be introduced into the retort A, the beak or opening of 
which is connected with the double-necked glass globe B, from 
which proceeds the bent tube O, terminating under the tallVass 
jar E, the lower end of which is immersed in the water-trough G. 
if then tlie retort be heated by a lamp, after the atmospheric air 
contained in the vessel and tube has been suffered to escape, the 
cylindrical jar filled with water and inverted, is to be placed over 
the lower end of the tube, as represented in the figure; and the 
oxygen gas, as it is formed by the decomposition of the oxide, 
will pass over, and rising in bub hi ns through the water in the 
jar, will collect in the upper part of it. 

165. This gas may be procured in the same manner, by sub- 

How many compounds does selenium form with other non-metallio 

bodies? _ ^ __ j 

Delineate and explain the apparatus fbr procuring oxygen f|dRi«rea 

lead. 


• From the Gr. tuAi, and togener^, orproduw. ThaOw* 

man chemist, style this body Saperstoif. UMnlly swr • 
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tituting for the oxide of lead, red oxide of mercury, or black 
oxide of manganese. This last being a cheap substance, is general- 
ly used for (mtaining oxygen gas on a large scale ; and for that 
purpose the distillation is conducted in an iron retort, luted to a 
gun-barrel, and the former exposed to the heat of a furnace. Wf hen 
"*obtained by this last m^de, however, the gas is not very pure, and 
the quantity produced from a given weight of the oxide is extremely 
variable. 

166. For purposes of illustration, the method of procuring oxy- 
gen most readily and abundantly is that of placing in an iron 
mercury bottle, which may be had for 60 cents or $1, a quan- 
tity, say lib., of salt-petre; into the mouth of the bottle one end 
of a gun barrel is screwed, while to the other, which is bent 
downward, is adapted a Aexible leaden, or other tube, to conduct 
the gas into the pneumatic cistern, gas holder, or bag by which it 
is to be received. 

167. As there is a great number of substances in which oxygen is 
contained, so it may be procured by various other processes. When 
wanted for experirnt.^its of research, and thererorc in a state of the 
greatest purity, about 100 grains of salt called chloride of potassa, 
(formerly oxy muriate of potash,) may be introduced into a retort 
with a bent tube fitted to it, the open end of which must pass under 
the mouth of a jar Ailed and inverted in a water trough. The re- 
tort, ’8 then to be heated by the Aame of a large spirit-lamp, and 
after the atmospheric air contained in it has been driven off, and 
the salt fuses and appears to boil, oxygen g*as will be formed, and 
may be collected as before, in the jar over the w'a ter- trough. 
About 100 cubic inches of gas may be thus obtained, from the 
speciAed quantity of the chlorate. 

168. Oxygen gas may also obtained slowly and in small 
quantities, through the decomposition of water, by living vegeta- 
bles exposed to the action of the sun's light. This may bo de- 
moucitrated by Ailing an eight-ounce phial w'ith water, and after 
having introduced into it a sprig of mint, inverting it in a basin of 
water. If this be placed in a window, or any other situation ex- 
posed to the- light, minute bubbles will soon be perceived forming 
on the surface of the leaves, and gradually accumulating, they 
will rise to the upper part of the bottle, where after a few 
days a variable quantity of the gas will be collected, exhibiting, 
if the experiment be carefully made, a considerable degree of 
purity, 

169. Oxygen gas, when pure, by whatever method obtained, is 
perfectly transparent, and destitute of taste or smell, exceeding 
atmospheric air in a slight degree in specific gravity. It is neces- 
sary for the support of animal life by respiration, and it may be 
br^aApd alone for some time with safety. Indeed, an animal 

In wha/ manner is this aas procured in the greatest purity ? 

How may it be procured from vegetable substances 7 

What are the chief sensible properties of oxygen gas ? 
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confined in a small vessel, filled with this gas, will live nearly 
three times as long as if confined in an equal bulk of common air, 
and hence oxygen has been called vital air : yet it appears, that if an 
animal be kept in an atmosphere of oxygen ffas, and obliged to 
breathe it for a long tim^ great excitement will be produced, in- 
ilammato^ action will take place, and dihath frequently follow. 
Hence this gas, though a powerful supporter of life intthe diluted 
state in which it is found in atmospheric air, cannot be used alone 
with safety, except for a very shc^t period. It is absorbed by water 
only in a minute proportion, and therefore is usually collected iii 
jars over that fiuid. It does not, like acids or alkalies, alter the 
colour of paper tinged with tincture of litmus or syrfip of violets, 
nor does it render lime-water turbid. • 

170. The most important effects of oxygen are those which arise 

from its powerful influence as a supporter of combustion. All 
inflammable bodies burn in this gas, with a greater display of 
heat and light than* in atmospheric air. Several interesting ex- 
periments to illustrate this principle may be made by including 
oxygen gas in a strdog glass bottle, closely topped with a cork, 
having a piece of wire passed through it. It the cork be removed, 
and a wax taper lighted and just blown out be quickly introduced 
into the bottle, it will be immediately rekindled, and burn with a 
large vivid flame. • 

171. A sulphur match, just lighted, and held in the hottVp of 
gas, will also burn brilliantly, with a beautiful purple colour. 
A piece of charcoal fixed to the wire, and made red-hot, if immersed 
in the gas, will burn with great splendour, throwing off beau- 
tiful sparks. A bit of phosphorus about the size of a pea may he 
stuck on the wire, and if then kiqiUl^d and immediately plunged 
in the gas, it will burn with themost intense light, the splendour 
of which is painful to the eye. But one of the most striking in- 
stances of combustion in oxygen is that of iron wire. For the 
purpose of this experiment, a large jar should be used, filled ti^ith 
very pure oxygen gas, and placed over water in a shallow dish. 
A small coil is to be formed by twining a thin piece of iron wire, 
such as an annealed watch-spring, or small harpsicord wire, round 
the stem of a tobacco-pipe, and then fixing it to a cork float ; the 
extremity of the wire being dipped in melted sulphur, and ignited, 
is to be introduced under the«jar, when the iron will burn with a 
brilliant light, throwing off scintillations like fire works. 


What connexion has it with animal existence ? 

What name did it formerly receive from this circumstance ? 

What results from long continued confinement of an animal in this 
air ? 

What dispostion has it to mix with water ? - w 

Oxygon IS an acidifying principle, — has it an^j add propertieB of 
own? 

What is its most important effect ? 

State some of the phenomena of combustion exhibited in oxygen. 

How may the combustion of iron in this gas be effected ? ^ 
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172. As an illustration of the vivid 
action of oxygen on combustibles^ 
"we may refer to the annexed repre* 
sentation of the combustion of a piece 
of steel w^tch spring, within a glass 
vessel containing a quantity of the 
gas. Having filled the bottle from 
any convenient reservoir, tlie cork, 
to which is connected a thick brass 
wire, with a knob at one end, and 
pair of nippers to hold the spring 
at the other, we insert the spring 
an^cork into their place, while the 
month is yet inverted in water, or 
holding the hand over the mouth 
while it is inverted, we may, with- 
out serious isconveiiience, insert 
them Svhile the bottle is erect. A 
knob rises from the ftj^etallic base, cemented to the bottom through 
a hole in its centre. By this arrangement the ignition may be com- 
menced by electricity from the battery. 

173. In all the experiments above described, and other cases of 
the combustion of inflammable bodies ki oxygen gas, combinations 
takecpiace between the oxygen and the combustible, and new pro- 
ducts arise possessing peculiar properties. The heat and light 
given out in these cases, if considered as depending on the pre- 
sence of certain ethereal imponderable fluids, may be supposed to 
have been previously combined with the oxygen, and thus the 
gas may be conceived to conM^t of a ponderable basis, combined 
with heat or caloric and light, this evolution of which takes place 
on the union of the basis with the combustible body. Hence 
when experiments of this nature are executed with due care and 
accuracy, the product of combustion ought to be exactly equal in 
weight to the joint quantities of oxygen gas and combustible 
matter which enter into its composition ; and this is found to be 
the esse. Thus when phosphorus is burned in oxygen gas, a 
white flaky substance will bo obtained, which is phosphoric acid; 
and its weight will he that of the phosphorus consumed, added to 
that of the gas which it has absorbed. So in burning iron wire, 
a combination will be produced of the iron with oxygen, forming 
a metallic oxide, the weighjt of which will be equal to that of its 
component parts added together. 

174. The products of the combustion of bodies in oxygen gas may 



Fxfflrin the apparatus for igniting a steel spring in oxygen by means 
ofrelectricity. 

What the results bf the combustion of various substances in oxygen 7 
What mation by weight, ought to subsist between the body consum^ 
the oxygen which disappears, and the product obtained ? 

How IS this exemplined and proved r 
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be either caseous, Hijuld, or solid, according* to circumstances : but^ 
considered as chemical compounds, all the combinations of oxygen 
with other bodies may be arranged in two classes, namely oxidee * 
and acids. Both these classes of compounds include varietMlf''' 
depending on the different proporlions of oxygen, united respec- 
tively with the several metallic and other substances which enter 
into their composition. Thus with iron, o^y^en forms two differ- 
ent oxides, called from their colours red oxide and bjjick oxide 
but the former, as containing the smallest quantity of oxygen, is^ 
more properly called the protoxide of iron; and the latter, in 
which it contains the largest quantity, is called the peroxide. 

175. With some bodies oxygen forms three or more oxides; 
to distinguish which have been introduced the ternns deutoxide, 
or second oxide ; tritoxide, or t^ird oxide, &c. Some bodies form 
oxides alone with oxygen, others acids only ; but there are many 
which form both oxides and acids. The relative quantity of 
03cygen in this last kind of combination is, as already stated, 
greater in the acids 4lian in the oxides. When a body forms two 
acids with oxygen, that which contains the smaller quantity is 
designated by a terip ending in the syllable and that contain- 
ing a larger quantity receives a name ending^ in ic .* thus we have 
sulphurous and sulphuric acids. W'hen oxygen combines with 
any substance in more than two proportions to form acids, the 
term hypo is prefixed, to^distinguish an acid with an inferior 
quantity of oxygen : thus hyyosuiphurous acid contains a smaller 
proportion of oxygen than sulphurous acid, and hyposulphurit%!c\!\. 
less than sulphuric. 

176. The salts formed by the combination of acids and oxides 
are also distinguished by the terminations of their names : thus 
those produced by acids with names^nding in ous are distingpiish- 
ed by the termination ite^ as sulnf^ of potash ; and salts formed 
by acids with the termination tc, have names terminating in afe, 
as sulphate of potash. This method of nomenclature has been 
extended to other compounds besides those of oxygon: thu%the 
combinations of chlorine which are not acid, are called chlorides ; 
those of iodine, iodides; and those of fluorine, fluorides; and their 
acids, and the salts which they form, are designated in an analogous 
manner, as hydrochloric acid, hydriodic acid, hydrofluoric acid, 
hydrochlorate of ammonia, &c. The compounds formed by simple 


What differences in the mcchaftical and chemical properties of products 
of combustion are found to exist ? • 

What are the two classes of cliemical products ? 

What terms are employed to designate thto various degrees of orygena- 
fion in the same substance ? 

What terms are commonly emplcwed when pnly two degrees are poraible ? 

"What terms apply lo the several acids which oxygen may form with the 
same substance ? 

In what terminations do words end which designate the salts fcen^pd 
by the several acids ? « - . ^ ^ 

To wliat other classes of bodies has the nomenclature mimed for oxy* 


gen been applied 2 


o 2 
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comliustible bodies, as those of sulphur, carboi, and phosphorus, 
WjIW each other, or with metals, are distinguished by the termi- 
nf^n ure/, as phosphuret of carbon, sulphuret of iron, &c. The 
tofpna of ^i-phosphuret, 6i*carburet, &c., are used to denote com* 
pounds containing twice as much phosphorus, carbon, &c., as 
a phosphuret or a carburet* 

Chlorine. 

177. Thitf IS a permanently elastic or gaseous fluid, at the com- 
mon temperatures and pressures of the atmosphere. But Mr* 
Faraday ascertained that this gas,^when subjected in the nascent 
state to a degree of pressure equal to about four atmospheres, at 
the temperatipfe of 60°, becomes condensed into a liquid.*^ Chlo- 
rine gas has a greenish-yellow colour, and a pungent, disagreeable 
odour ; and it proves highly Jeletetrious when respired. 

178. It may be obtained from the decomposition of its com- 
pounds, the most common of which is marine or culinary salt, 
formerly termed by chemists muriate of soda, but which is now 
known to consist of chlorine united with soiVium or the metallic 
basis of soda, and is therefore called chloride of sodium. Its 
decomposition may^o^ conveniently eflected by means of the 
apparatus represented in the annexed diagram. 

Mix one part of black 
oxide of manganeso wj[i|i 
\hree parts of common smt, 
both finely powdered, and 
having introduced the mix- 
ture into the tubulated retort 
A, pour over it two parts by 
weight of sulphuric acid, di- 
’1 11 ted with an equal weight 
of water; then pass the beak of retort under the inverted glass 
jar C, filled with warm water. Now on lighting the lamp beneath 
the retort, its contents will become gradually heated, and the sul- 
phuric acid acting upon the manganese, which is in the state of a 
peroxide, will expel a part of its oxygen and reduce it to a pro- 
toxide; the liberated oxygen will then decompose the chloride 
of sodium, combining with its metallic basis, while the chlorine, 
set free, in the gaseous state, will be driven off and carried into 
the inverted jar, rising in bubbles through the water. The sul- 

What termination is given to terms expressing the binary compounds of 
combustibles ? „ r o 

What is the state of chlorine at ordinary tempemturcs? 

W^hat discovery has been made by Mr. Fiiruuay in regard to its state ? 

What are its distinguishing sensible properties ( 

By what means is it most easily obtained ? 

Over \yhnt liquid may it ho collected ? 

W,bat is the. true nature of the procehs when chlorine is obtained from 
o^mon salt and oxide of manganese ? 

iSee abatraots of Papers in Philos. Trans., vol. ii p. 190. 
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phuric acid will uiJite with the oxide of sodium (soda) as fast as 
It is formed, and thus the decomposition of the chloride is more 
readily effected. Chlorine gas may in like manner be procured 
from the decomposition of muriatic or hydrochloric acid, by means 
of the peroxide of manganese. 

179. Water at the temperature of about 60® absorbs twice its 
volume of this gas. lt«shou]d therefore be collected over warm 
water which absorbs it but sparingly; o^it may be received in a 
bottle filled with atmospheric air, by making use of a^tube which 
passes nearly to the bottom of the bottle, and the chlorine gas, as 
It is driven over, being heavier dthan common air, will gradually 
expel it and fill the bottle, exhibiting its peculiar green colour. 
The specific gravity of this gas, compared with ccvnmon air, is 
2.47, or about times the weight of atmospheric air.* 

180. Chlorine undergoes no^alterStion when exposed to a high 
temperature ; and even the intense heat produced by a Voltaic bat- 
tery does not effect any change of the properties of this gas. 
When a burning taper is plunged into a bottle of chlorine gas, its 
flame assumes a dun red colour, a dense black smoke, containing 
much carbon, is given off, and after the comjjustion has thus con- 
tinued a short time* the taper becomes extinguished. Phospho- 
rus, and several of the metals in a divided state, as tin, copper, 
and zinc, are spontaneously ignited by this gas, and burn in it 
brilliantly. 

181. Chlorine and oxygen have but a weak affinity for each 
other ; but they may be madd to combine by indirect means, 9o as 
to form at least four distinct compounds. The protoxide of chlorine^ 
containing 36 parts of chlorine and 8 of oxygen, or one combining 
atom of each, was discovered by Sir H. Davy, who gave it the 
name of euchlorine, from its peculiar deep yellowish-green hue. 
It may be obtained by heating sl^^y in a glass retort 2 parts of 
the salt called chlorate of potti^, (formerly oxymuriate of pot- 
ash,) with one part of muriatic acid, when the protoxide will pass 
over in the state of gas, and may be collected over mercury, in an 
inverted jar. The retort should be heated by means of a water- 
bath, as the gas is very readily exploded. It differs much in its 
properties from chlorine, being of a deeper colour, and having an 
odour somewhat resembling that of burnt sugar. Water dissolves 
about ten times its volume of this gas, which imparts to the liquid 
its peculiar smell and colour. It does not act upon mercury. 

In what other manner may it be prociAred ? 

What proportion of it is absorbed by wab5r at ordinary temperatures ? 

Wiint IS the specific gravity of this gas compared with common air? 

What peculiar phenomena attend the immersion of metals in this gas 7 

What com(U)und docs it Ibrm with oxygen ? 

How is euchlorine obtained ? 

What are its peculiar properties 7 

— — IP 

* See Scientific Class Book, pt i. pp. 154, 155, fSi the specific gravities 
of several of the gases relatively to that of water. * 
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Yogetable colours in general are destroyed wiien exposed to it, 
some of the blues becoming reddened before the tint is obliterate* 
When it is detonated with hydrogen, by passing through the mix- 
these gases the electric spark, it becomes decomposed, 
foi^minig water and muriatic acid* 

16#i Peroxide of chlorine is a compound of one equivalent of 
chlorine and four of oxygen (or 36 Ch- + 32 Ox.) It is a gaseous 
body, whic^y, may be procured by mixing 50 or 60 grains of chlo- 
rate of potash with a small quantity of concentrated sulphuric 
acid, so as to form a paste, and exposing it in a small retort to the 
heat of a water-bath, which must be carefully kept below the 
bailing point. The gas which is evolved, when collected over 
mercury, exhibits a deeper colour and a more aromatic odour than 
the protoxide. It is rapidly pbsorbed by water, forming a yellow 
solution, with a strongly astringent, disagreeable taste, but no 
acidity. It bleaches vegetable blues, without reddening them. 
When heated, it explodes violently, at a temperature above 114^, 
with an increase of volume amounting to one-half, oxygen and 
chlorine g;ises being produced. Mi . Karaday succeeded in con- 
densing this gas to t^e liquid state, by exposing it to pressure at 
a temperature 32^ below the freezing-point ol w^ater. Peroxide 
of chlorine was discovered by Sir H. Davy in 1815, and about 
the same time by Count Von Stadion* 

183. Chloric acid is that compound which enters into combina- 
tion with potash to form the chlorate of potash, already men- 
tioned. This acid may be produced by passing a current of 
chlorine gas through a mixture of oxide of silver and water, part of 
the chlorine combining with the metal to form chloride of silver, 
and part uniting with the oxygen of the decomposed oxide to 
constitute the chloric acid. 'J'he chloride, which is insoluble, is 
then to be separated by filteriiTff^ and the excess of chlorine con- 
tained in the liquid being expelled by heat, the acid will be ob- 
tained in the state of an aqueous solution. Chlorate of barytes, 
whefi decomposed by sulphuric acid, also yields chloric acid* 
When concentrated by evaporation, this acid is an oily fluid, trans- 
parent, colourless, and having a sour, astringent taste; reddening 
vegetable blues, and uniting with various bases to form salts. It 
is decomposed by the muriatic and sulphurous acids, and also by 
the hydrosulphuric or sulphuretted hydrogen; hut not by those 
acids which contain large proportions of oxygen. It appears to 
be composed of one atom of chlofine and five of oxygen (36 
Ch. + 40 Ox.) 

Whnt eflect hos ouchlorine dn vogetablo colours ? 

In what stole is the peroxide of chlorine found to exist ? 

How is it procured ? 

What arc its properties ? 

Ify^whom was it discovered ? 

flow is chloric acid produced ? 

^'What is its state wh^jn concentrated ? 

What ^'id properties does it exhibit 7 

What is its composition ? 



IODINE. 


81 

184. Perchhric acid^ discovered by Count Von Stadion, proba^ 

My consists of one equivalent of chlorine with seven of oxygen ; 
but its constitution and properties have not yet been accurately 
investigated. It has been obtained in the form of a dense, colour- 
less liquid, in which it m united witli water, neither this nor the 
chloric acid apparently being capable of Existing in an insulated 
state. ^ 

185. Chlorine forms a combination with water, which has been 
termed hydrede of chlorine. If admail quantity of water be intro- 
duced into a retort or bottle with chlorine gas, and the vessel be 
kept a few days in a dark place, where the temperat^^re does not 
rise above the freezing point, this compound will be obtained in 
the state of a mass of prismati(Mnd ^cicular crystals, with water 
adhering, which may be separated by blotting-paper, previously 
cooled to prevent the crystals from melting. 

186. The crystalline hydrate is of a pale yellow colour, and 
very volatile. If a sfhall portion of these crystals, carefully dried, 
be introduced into a bent tube, as in the annexed figure, the hy- 
drate may be sublinl^d by applying a gentle^eat to one end, and 

at the same time cooling the 
other. Thus if the extremity 
of the tube A, in which the 
crystals are contained, is im- 
mersed in water heated at dbout 90^, they will be decomposed, 
forming two distinct fluids, the upper consisting of a saturated 
solution of chlorine in water, and the lower of condensed chlo- 
rine, in the state of a dark, oily body. When the other extremity 
of the tube, B, is cooled, the chlorine will distil over. If the 
tube be again cooled to 70^, the Q>f9brine and water will reunite 
to form fresh crystals. ^ 



Iodine, 

187. This substance was first discovered in kelp, or the coarse 
alkaline matter procured from the ashes of marine plants. In its 
chemical properties, it resembles chlorine and bromine; and, like 
those bodies, it is supposed to be an elementary Substance, having 
never yet been decomposed. The name iodine was given it by 
M. Gay Lussac, in allusion to Us colour*" when in the state of gas. 

188. Iodine may be procured by various processes. After the 
extraction of soda from kelp for the use of the soap-boilers, a 

By whom was perchloric acid discovered ? 

In what form does it exist ? 

What is the composition of the hydrate of chlorine ? 

How is it produced ? 

How may it be exhibited in a solid crystalline form? 

How is the hydrate decompoRed ? 

From what substance was iodine first procured ? % 

Which of the other non-metallic bodies does it most nearly resemble ? 

* From the Greek, like a violet. r 
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bTown liquid remains, which must he subjected to a heat of about 
230®, then saturated with sulphuric acid, diluted with its own 
bulk of water, and pouring off the liquor when cold from the 
crystals which will be formed, consisting chiefly of sulphate of 
soda, it is to be filtered, j^nd to every twelve ounces must be added 
1000 grains of black oxide of manganese in powder; this mixture 
being put into a glass globe, or large matrass, to which another is 
to be adapted ; the former must be heated with charcoal, and the 
iodine will then pass over, in beautiful violet-coloured vapours, 
which will be condensed in crystalline plates, having the colour 
and lustre of plumbago. 

189. Iodine thus obtained is, at the ordinary temperature of the 
atmosphere, a soft, friable sdlid, i^hich may be easily reduced to 
a fine powder. Its specific gravity is 4.946. It differs from metals 
in being a non-conductor of electricity. If passed through a red- 
hot tube, either alone or over charcoal, it undergoes no change. 
Applied to the skin, it occasions a yeUow stafh ; and it has a hot, 
acrid taste, and an^dour resembling that of diluted chlorine. 
Taken internally in a considerable quantity, it^is poisonous, but it 
has been used in medicine in small doses ; and there is reason to 
believe, that burnt sponge, empIo3red as a remedy for bronchocele, 
owes its efficacy to the iodine which it contains. 

190. Iodine is very volatile, rising in vapour at a temperature 
of fiffim 60° to 80°, and very freely su higher temperatures, boiling 
rapidly at 350°. Its specific gravity, in the gaseous state, is to 
that of atmospheric air as 8.7011 to 1 ; so that it is by much the 
heaviest of all elastic fluids yet known. This vapour is 124 times 
the weight of hydrogen, and as it combines with that body in 
equal volumes, the number 1:^1 ^as been taken as the equivment 
or combining weight of iodine. It renders vegetable colours yel- 
low, and forms with water a yellow solution, though but a very 
minute portion of it is taken up by that fluid. It is much more 
soluble in ether or spirit of wine, with which it forms deep-brown 
solutions. This substance has the peculiar property of forming 
with starch an insoluble compound of a deep blue or violet colour; 
and hence starch has been used with advantange as a delicate test 
of the presence of iodine. 

191. With oxygen iodine enters into combination, forming tW/c 
or oxiodic acid. This acid may be pioduced by adding chlorate of 
potash and hydrochloric or r.iuriatic acid to iodine; and exposing 

Deacribe tho process for procuring iodine from kelp. 

What are its ordinary sensible properties ? 

What is its specie gravity f 

Hf^w does it differ from metals? 

*To what useful purpose may it bo subservient ? 

^ At what temperature; is it converted from the solid to the aeriform state? 

What its specilic gravity in the latter state ? 

What IB its combining atomic weight ? 

What peculiar effect has it on starch ? 

W'hct are its compounds with oxygen ? 
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the mixture to a TOntle heat, two new compounds will thus be 
formed, namely, cliloriodic acid and oxiodic acid. By the appli- 
cation of treater heat, the former may be driven off, and the oxiodic 
acid will be left pure. The oxygenation of iodine may be also ef- 
fected by heating^ that ^bstance repeatedly in nitric acid. The 
iodic acid is a white, semi-transparent, d^iquescent s^id, having 
a sour taste, but no smell. Its specific gravity excels 2, and it 
consists of 1 proportional of iodine, and 5 of oxygen, so that its 
equivalent number is 124 -f- 40 «=: 164. Its aqueous solution red- 
dens, and then destroys vegetable colours. When mixed with 
charcoal, sugar, sulphur, and other combustible substances, it 
detonates on the application of heat. 

192. It has been stated, that the solution of this acid corrodes 
all the metals, and even acts on gold and platina; but Mr. Con- 
nell, who procured it by means of the nitric acid, confirms the 
observation of Serullas, that it does not attack gold ; and adds, 
that it is equally ineft with rqgpect to platina, and that iron filings 
thrown into the acid solution caused no effervescence ; but when 
the liquid was boiled, a white powder was p«ecipitated.’*^ 

193. Iodine is capable of union with chlorine, forming a com- 
pound called chloriodic acid^ discovered about the same time by 
Sir H. Davy and M. Gay Lussac. This acid makes its appear- 
ance, as already stated, duriflg the process for obtaining iodic acid 
from chlorate of potash and ihhriatic acid ; but it may be procured 
from the direct union of its constituents. Thus on passing a cur- 
rent of chlorine gas into a vessel containing iodine, the gas is 
quicicly absorbed ; and the result will be a substance, colourless 
when the two bodies combine in proper proportions, red or brown 
when there is an excess of iodine, el low if there be an excess 
of chlorine. It is volatile, and nfay be sublimed without decom- 
position. It is deliquescent, and dissolves readily in water, form- 
ing an acid solution, which destroys vegetable blues. The salifia- 
ble bases, when presented to this acid, in solution, decompose it, 
and iodic and muriatic acids arc produced. It is said likewise to 
be decomposed by mercury. 


BrominCn 

194. This is among the mosft recently discovered of the simple 
substances. It is commonly procured from the uncrystallizable 
liquid called bittern, which remains after the manufacture of sea- 

How is oxiodic acid formed ? 

What are the properties of this aciil ? 

What is its composition ? 

What compound does iodine form with chlorine ? 

whom was that compound discovered ? 

How is it obtained ? 

What sensible properties does it possess 


* See Jameson*s Journal of Science for 1831. 
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salt. If a current of chlorine be passed through this liquid, 
it assumes an orange tint, and yields a peculiar disagreeable 
smell, arising from the evolution of bromine ;* a portion of 
sulphuric ether is then to be agitated with it, and on being allowed 
to stand, it will separate from the water, together with the bromine, 
which giyes it a reddish-brown colour. The ethereal solution 
must be shaken with a solution of caustic potash, when bromate 
of potassa and bromide of potassium will both be formed. The 
latter of these salts being obtained in cubic crystals by evaporation, 
is to be decomposed by a solution of chlorine in water ; and the 
bromine, wWich is volatile, may be separated by distillation, and 
obtained in a receiver, kepjt cool^by covering it with ice. 

195. At common temperatures bromine is a liquid ; at about 10^ 
below zero, Fahrenheit, it becomes congealed into a crystalline, 
foliated mass; and at 116° it boils. It is about three times the 
weight of water. The liquid has a deep, dull, red colour,*|| and a 
peculiarly unpleasant suffocating ^dour ; and its taste is also 
strong and nauseoue. It corrodes the skin, and stains it of a yellow 
colour ; and it miisiPalso be remarked, that it is a powerful and 
dangerous poison. It dissolves but sparingly in water, more easily 
in alcohol, and most readily in ether. Vegetable colours, as lit- 
mus, and even indigo, are destroyed by it. A burning taper plunged 
in »ts vapour quickly becomes extinguished, the .flame previously 
assuming a reddish tint. Phosphorus inflames spontaneously in 
its vapour. Tin and antimony likewise take fire in it ; and potas- 
sium introduced into it explodes with violence. In its general 
mode of action it resembles chlorine and iodine, being reckoned 
a supporter of combustion. 

196. With oxygen it forlll^ a compound called bromic acid^ 
which may be obtained by adding sulphuric acid to the combina- 
tion of this acid with barytes (bromate of barytes ;) and sulphate 
of^barytes being thus formed, when the whole of that salt is pre- 
cipitated, the bromic acid will remain in solution, and may be 
concentrated by slow evaporation. It cannot, however, be entirely 
deprived of water, as it is partially decomposed at a high tempera- 
ture. The acid solution has very little smell, but possesses a 
sour taste, and it first reddens and then destroys the blue colour 
of litmus. 

From what source is bromiqp obtained ? 

By what process is it procured I 

In wlmt state does it exist at common temperatures ? 

At what temperatures does it change its forms? 

What power does it possess in respect to combustion ? 

What effect has its vapour on the metals 7 

What compound is formed by bromine and oxygon? 

. * Bromine derives its appellation from its nauseous flavour, Bpw/xor, its 

Greek etymon, signifying a stench. 

t “Clquid bromine, w^en viewed in thin portions or small drops, dis- 
plays a hyacinthino red hue (red with a tinge of yellow ;) in larger masses, 
the colour becomes so intense that it appears opaque and black.” — Mitscher- 
lichs% Inlroeh to Chem., vol. i. p. 70. 
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197. The specific gravity of the vapour of bromine and its 
atomic weight, are uncertain, being variously stated by different 
experimentalists. According to Berzelius, the combining weight 
of this bod^ is 78.26 ; but 75 is the number generally adopted. 
Hence bromic acid, contaiq/ng 1 atom of bromine with 5 of oxygen, 
its equivalent number will be 75 + 40= llfS. 

198. Bromine unites with chlorine, when a current of*lhe latter 
is passed through the liquid bromine, and the vapours which arise 
at a low temperature may be obtained by condensation in the form 
of a reddish-yellow liquid called mloriac of bromine. It has a very 
penetrating odour, and disagreeable taste. It is extreme^ volatile ; 
and metals reduced to fine powder take fire in its vapour. The 
solution of chloride of bromine in*wate#act8 powerfully in bleach- 
ing vegetable substances. 

199. Bromine unites also with iodine, hydrogen, sulphur, phos- 
phorus, and selenium ; as well as with many of the metals, form- 
ing compounds called *bromide|^. 

Fluorine, 

200. This body, though from the analogy of its mode of action, 
when in combination with other substances, to that of oxygen and 
chlorine, it is supposed, lik^them, to be a simple or elementary 
body, has yet never been obtained in a separate state, on accoy^t 
of the difficulty, or rather impossiblity, of keeping it uncombined 
in vessels of any known substance whatever. Its compounds are 
not of common occurrence, except the mineral called fluor spar, 
which appears to be a compound of fluorine with calcium, or the 
metal of lime; audit only occurs ii^ a few other mineral sub- 
stances. 

201. The fluoride of calcium (fluorspar) maybe decomposed 
without difficulty; but the fluorine is no sooner extricated, than 
it enters into union with some other body. One of the compouiftis 
which it readily forms is with hydrogen, constituting hydrojluorie 
acirf, which may be thus procured : IjCt fluor spar, finely powdered, 
and mixed with twice its weight of strong liquid sulphuric acid, 
be distilled by a moderate heat in a silver or leaden retort, to 
which should be adapted a silver tube and receiver, the latter of 
which must be kept cool during the operation, by immersing it in 
a mixture of pounded ice or snow, and salt. The hydrofluoric acid 
will then pass over in the form of a verj volatile liquid, but having 
the appearance of sulphuric acid. It is best preserved in bottles 
of silver or lead, with well-fitted stoppers of the same metal. Its 

What is the combining weight of bromine T 

How many atoms of each ingredient enter into bromic acid f 

Tn what manner can bromine be united with chlorine ? 

What is the compound called ? ^ 

What difficulty opposes the analytical investigation of the propqfties of 
fluorine ? 

From what substance may fluorine be disengaged ? 

Ilow may hydrofluocir acid be received and preserved 7 
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specific gravity is 1.06, but it brcnmes inrrcnKrd Iri density by tbe 
addition of water to 1.25, affording a singular instance of fluid 
condensation. It has a strong attraction for water, beyond that of 
sulphuric acid ; and great heat is evolved when it is dropped into 
water. As it is extremely volatile, \}\e utmost care should be 
taken in making ex(^eriments, to avoid inhaling its vapour, the 
irritatin^effecte of which are extremely injurious; and the liquid 
acid itself acts as a powerful caustic when dropped on the 
skill. ^ 

202. Among the most curious and important properties of this 
acid is its potion on glass, which it deeply corrodes, in consequence 
of its affinity for the basis of the siliceous earth contained in the 
glass, with which it fornfis a #few compound called sillcojluoric 
acid. Thus it decomposes glass, and hence destroys the trans- 
parency of glass vessels or plates with which it comes in contact. 
This property of the acid has been ingeniously applied to the pur- 
pos(3 of making engravings or etchings on glass. Tliese are exe- 
cuted in a manner analogous to etchings on copper with aqua fortis. 
Plates of glass, i^,oaU?d wath bees* wax and turpentine melted 
together, may have figures traced on them with an etching needle ; 
after which they may be covered with the diluted acid, or exposed 
to its vapour, when on removing the coating, the figures will be 
found delineated on the glass. 

^03. Attempts have been made 'to procure fluorine in a separate 
state, by decomposing its compounds by means of Galvanism, or 
by the more usual oneralions of choimcal analysis : and in both 
cases the object has oeen frustrated by the impossibility of pre- 
venting the nascent element from forming immediately new com- 
pounds. When hydrofiuo.> acid is acted on by a Galvanic pile, 
inflammable gas will be giveii* off at the wire connected with the 
negative pole, and the opposite wire of platina w'ill become cor- 
roded and covered with a chocolate-coloured powder, which ap- 
pears to bo fluoride of platina. 

204. The combination of fluorine W’ith silver (fluoride of silver) 
may be decomposed by means of chlorine, which unites with 
the silver ; but the fluorine cannot thus be obtained in a separate 
state. For when fluoride of silver is placed in a glass retort, and 
chlorine is added, the fluorine will bo extricated ; but it imme- 
diately decomposes the siliceous- earth of the glass, and enters 
into union with its basis called silicon, with which it forms silico- 
fliioric acid. If the decomposition be effected in a vessel of platina, 
fluorido of platina, the substance already mentioned, will ho 
formed ; and if a retort of lead or any other metal bo used, the 

What 18 its specific gravity? 

vVhnt precautions aro necessary in experiments with this gas ? 

What IS rlic naturf* of the action of fluoric acid on glass ? 

WhaA compound results from this action ? 

Why' cannot fluorine bo s^arately obtained ? 

What occurs in rlecom]x>sing hydrofluoric acid by Galvanism? 

Wt^y may w'o not obtain fluorino from fluoride of silver 7 
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fluorine will combine with it, unless water be present, which it 
decomposes to form hydrofluoric acid, previously described. 

205. Besides the compounds already mentioned, fluorine unites 
with boron, the basis of boracic acid, with which it constitutes 
borofluoric acid, or as it been also called, fluoride of boron. 
It also unites with sulphur and phosphorus but these compounds 
have been but lately discovered. No combinations hav#yet been 
obtained of fluorine with oxygen, chlorine, iodine, bromine, carbon, 
or nitrogen. 

Hydrogen. 

20(i. Hydrogen is one of the most important among^he inflans- 
mable substances, being abundantly difi^used throughout nature in 
various states of combination. Its distinct existence as a peculiar 
kind of matter, was first ascertained by Mr. Cavendish, in 1766. 
The specific gravity of hydrogen gas being less than that of any 
other substance with which we are acquainted, it seems to possess 
a strong claim to the title of % simple or uncompoundea body. 
The weight of 100 cubic inches of hydrogen g^ is less than three 
grains, while the same bulk of atmospheric air will weigh 30^ 
grains. The comparative levity of this elastic fluid gave rise to 
Its employment for the inflation of air-balloons. 

207. Hydrogen gas, whenf>ure, is perfectly transparent. It is, 
however, usually mixed with certain adventitious matters, whifh 
communicate to it a very unpleasant smell, but "whon these are 
separated, it appears to be completely inodorous. It possesses no 
taste. Hydrogen gas will not serve for the respiration of animals, 
though it does not, like some gases, prove immediately deleterious 
to those who breathe it ; and when J'Wgely mingled with atmos- 
pheric air, it may be respired with safely. Vegetables grow and 
flourish when confined in this gas. 

208. Hydrogen gas is extremely inflammable, readily burnij^g 
when in contact with oxygon gas or atmospheric air. The pro- 
duce of this combustion is water, which is formed and decomposed 
by many processes, natural and artificial. 

201). The most usual method of obtaining hydrogen gas for the 
inflation of balloons, or for chemical experiments, is by adding sul- 
phuric acid to a mixture of zinc, or iron filings or scraps, with water. 
The metal in this case, assisted by the acid, attracts the oxygen 
of the water, and its hydrogen is setJVee, and may be collected 
for use by means of a proper apparatus. Hydrogen gas may be 
also procured from water by electricity. Thus water inclosed in 
a glass tube, may be decomposed by passing through it a current 
of electric sparks. It may also be separated into its constituent 
parts by exposing it to the action of a Galvanic battery.^ 

With what other materials does fluorine combine ? 

llow^ early was liydrfigcn disco vere«l / What nro its sensible properties ? 

What is its influence on respiration and on vegetation? 

What is the product of its combustion in oxygen? 

How is hydrogen obtained by aeronauts 7 


* See above No. 91. 
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210. Though hydrogen may be made to burn when mixed with 

oxygen^ atmospheric air, and other supporteiTS of combustion, it 
extinguishes a lighted taper, or any burning body immersed in it« 
It may, as already stated, be breathed with safety for a short time, 
though it will not support animal life* o If the lungs be filled with 
it by inhaling a feurtiines this gas from a bladder, or a bag of 
oiled silk, a peculiar eifect is produced on the voice, which is 
rendered much shriller than usual, but its influence is only 
temporary.* ^ 

211 . Protoxide of hydrogen, — Hydrogen combines with several 
other simjjle substances, and especially with the supporters of 
combustion, forming many important compounds. With oxygen 
it is found to unite in tWo proportions. When two volumes, or 
parts by measure, of hydrogen gas, are mixed with one volume, 
or measure, of pure oxygen gas, in a glass globe, or any other re- 
ceptacle previously exhausted of air, the gases being inflamed by 
the electric spark, will combine i^ith the Extrication of light and 
heat ; and the interior of the globe will become lined with drops 
like dew, which nixing collected and weired, will be found to 
consist of pure water, equal in weight to that of the gases which 
have disappeared. There are many modes of making this experi- 
ment, among which may be mentioned the following, as being 
easily practicable, with the assistande of an electrical machine : 



pl2. A very large bladder. A, is to be filled with oxygen and hy- 
drogen gases, ill the proportions just mentioned. To the opening 
must be fitted a sound cork, B, with a short glass tube passed 
through it, by means of which the gases may be introduced into it; 
and on each side of the tube brass wires are to be passed through 
the cork, so that their ends may project a little way within the 
bladder at C, where they arc to be brought within about a quarter 

Whnt is its effect on n biirnit^ body wholly immei'sed in it? 

What effect has it on tlie voire when inhaled ? 

By what chemical name shoubi w^atcr be designated ? 

Describe the apparatus fur producing water by the help of electricity? 

* This effect, is explained on the principle advanced by Laplace and ex 
perimcntally applied by Dulong, that the shrillness of tones produced by 
aiflj^rent gases ueiicnds on their specific heat. And though several obser- 
^tions, recently published, of facts, showing the diminution of power and 
alteration of tone in tko human voice on high mountains, seem to indicate, 
that thof pecific gravity of the air, or of a gas, has an important influence 
in detennining the acuteness of its tone ; yet, it will be probably reconcil- 
able with the theory of Laplace, when we consider that the specific heat 
of air is increased by the increase of its bulk. — See Sillimon’s Journal, vol. 
28, p. 226.— iV/, ^ 
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of an inch of each other. To the ends of the wires without the 
bladder, are to be attached two other wires, D E, from twenty to 
thirty feet in length. One of these wires, D, is to bo brought in 
contact with the outside of an electrical jar; and the other wire, 
E, to be advanced within an inch of the brass knob, F, of the same 
jar; then on chargiii«r the*ja£ by means of «i electrical machine, 
when it has been sufnciently excited, a discharge will tal^e place, 
the spark passing from the knob, F, through the wire, K, and 
* another spark will pass between the wires within the bladder at 
O, W’hich will occasion an explosion of the gases, and the produc- 
tion of water, which however will be liable to be dissipated by 
the bursting of the bladder. • 

213. If there be an excess, in th® mixture, of cither of the gases, 
they will still only unite in the ratio already stated, and the super- 
fluous gas will remain in an uncombined state. The production 
of water by the union of oxygen and hydrogen gases, may be ex- 
hibited by simply buraing a jot of hydrogen gas, from a bladder 
with a stop-cock, under a belPgIass, including atmospheric air; 
and, as the combusti<fn proceeds, wat(?r will llo formed, which 
condensing op the inner surface of the glass, will trickle down its 
sides. 

214. The accompanying figure re- 
ptesonts a cheap and convenient ap- 
parfitiis for the production of hydrogen 
gas. A glass phial, A, holding from 
a pint to a quart, or more, has one or 
two holes, a quarter of an inch in dia- 
meter, perforated in the bottom. A 
quantity.^-,f fragments of glass, B, too 
large io pass through the holes, are 
put into the phial, covering the bottom 
one half or three quarters of an ir^fh 
in depth. On this, a layer of frag- 
niciits or clippings of zinc, /, is laid to 
about the same depth. A cork or brass 
plug, C, with a stop-cock and pipe 
is then fixed, by cement or wax, to the 
mouth of the bottle, and the apparatus 
is ready for use. 

215. O^pening the stop-cock, and 
plunging the butllc in its erect posi- 
tion into a solution of sulphuric acid 
in water, contained in any suitable 
vessel, the licpiid rises through the 
holes in the bottom, expels the atmos- 
pheric air, and fills the phial. AclTor^ 

In what proportions, bt/ hulk must Iho two gases bo mixed in onffir to the 
success of this expcrimonl? Describe iho apparatus lor the generation ot 
hydrogen gas from zinc and sulphuric acid ? 

H 2 
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on the zinc soon becomes very vigorous, and if the stop-cock be 
now closed, the upper part of the vessel will soon be filled, the 
generation of gas will proceed until the acid has been driven down 
through the holes, below the surface of the stratum of broken 
glass, when it ceases, until some portion j)f the gas is let out, when 
the acid will follow by*4ta hydrostatic pressure, and generate a new 
portion to cupply the deficiency. 

21 G. The coQiposition of water is shown by analysis, in the 
experiments already mentioned relative to the production of hy- 
drogen gas. 



Water may also bo decomposed in consequence of the affinity 
of iron for oxygen at a high temperatiire. Let an open gun-barrel, 
C, ^in the preceding figure, be filled tow'ards the centre with 
iron turnings ; to one end of it must bo luted a small retort. A, 
containing water ; and to the other end a bent tube, F, terminat- 
ing under a gas-holder, or an inverted glass jar, filled with water, 
G. The guii-barrol passing across a furnace, or a large chafing-dish, 
is to be heated by means of . charcoal ; and when it is red-hot, 
the water of the retort must bd^:,^iadc to boil, by placing under it 
a small lamp, and the steam passing over the red-hot iron will bo 
decomposed ; its oxygen will unite w'ith the iron, and the hydro- 
gen'^hiis set free, will pass through the tube, E, and be collected 
under the bell-glass, G. 

217. If this experiment be carefully made, by using a compact 
porcelain or glass-tube, instead of the gun-barrel, and weighing 
the iron before and after the operation, it will be found to have 
gained exactly as much as, added to the gas produced, will be 
equal to the weight of the water consumed. Plence it will appear, 
that water consists of eight ])arts by weight of oxygen, and one of 
hydrogen. 

218. Water may also he decomposed by means of the Galvanic or 
Voltaic battery, and by various other methods: but in whatever 
manner it be examined, it will be found to consist of the same 
proportions, namely, one volume of oxygen, and two volumes of 

' ' How moy the compo^^ition of water bo nhown by its analysis ? 

In who/pinanncr may tho proportion of the ingredients thus obtained be 
determined 7 

State the relations both by volume and weight of the two ingredients 
thus procured. 
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hydrogen ; or eight parts by weight of oxygen and one of hydrogen. 
Hence it follows that oxygen gas must be sixteen times the weight 
of hydrogen gas : therefore, this fluid may be supposed to consist 
of one atom of hydrogen, having only the eighth part of the weight 
of an atom of oxygen, ^and the combining number of which will 
therefore be 1 ; and one atom of oxygen, the combining num- 
ber of which must be 8; so that the combining or proportional 
number of water will be 9, the sum of the numbers of its consti- 
tuent parts. ^ 

219. Oxygen and hydrogen will also combine in the proportion 
of equal bulks of each gas. This compound wMch has been 
called deutoxide or peroxide of hydrogen^ was discovered in July, 
1818, by M. Thenard, who pr<>curec>it by the addition of peroxide 
of baryum and muriatic acid to water, and afterwards precipitating 
the resulting protoxide of baryum with sulphuric acid ; the excess 
of oxygen in the peroxide entering into combination with the 
water, and thus coifverting it into oxygenated water, or peroxide 
of hydrogen. But other additions and repeated manipulations are 
requisite to separate the muriatic acid from ^le oxygenated water, 
and obtain the latter in a pure state, the process being altogether 
complicated and troublesome.* 

220. Peroxide of hydrogen thus prepared, is a colourless syrup- 
like substance, of the specific gravity of about 1.45. It is nearly 
destitute of smell, destro 3 ^s vegetable blue colours, and blei«ehes 
the skin, on which it acts as a caustic wdien the application is 
continued. It rises in vapour, even at low temperatures, and can- 
not be congealed by cold. At 58^ of Fahrenheit it becomes de- 
composed, oxygen gas being given off in abundance, and at the 
heat of boiling water it explode^, *It is decomposed by all the 
metals, except iron, tin, antimony, and tellurium. The metals 
should be powdered, or otherwise finely divided ; and w'itli some 
of them, as silver, gold, or pi a tin a, the decomposition takes jj^ace 
with the evolntion of light and heat. 

221. Among the most important compounds of hydrogen, is 
that which it forms with chlorine, constituting the powerful acid 
commonly called rnurititic acidj and sometimes hydrochloric acid. 
Under the former appellation, it has long been known, and also 
under that of sjiirit of salt, being obtained from the decomposition 

« 

What conclusions may we draw from the facts thus developed in regard 
to the atomic consliLtition oi'thc two gases f 

What compound other than water may be formed of oxygen and hydro- 
gen ? 

W^hen and by whom was it discovered ? 

Whai are the distinguishing properties of the peroxide of hydrogen ? 

At what tempera tore is it decomposed \ 

Tlow does it react on silver, gold, and platina? 

Wliut compoand docs hydrogen form with chlorine? 


* For an account of the mode of obtaining this body,«ee Jour, of ^ience, 
od. at R. 1., v«»l. iii. pp. lir) — 120. Also Webster’s Manual of Chemistry, on 
the basis of Brande’s p. 267. 
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of eomriion or marine salt. In this state it is a liquid, being com* 
bined with water; but it may also be obtained alone, in the form 
of gas, and the mode of procuring it was first described by Mr. 
Cavendish, in 1766. 

222. It was supposed that muriatic aci^, like the nitric, sul- 
phuric, and many others, e^onsisted of oxygen combined with some 
acidifiable bafee, and in pursuance of that notion various attempts 
were made to decompose it, all which proved more or less un- 
satisfactory. At length it was ascertained, through the experi- 
ments of Sir II. Davy in England, and of Gay Lussac and 
Thenard in Fpnce, that muriatic acid gas, when pure, may be 
separated into* hydrogen and chlorine, and that consequently 
oxygon does not enter into its consposition. Hence it appears 
that Scheele — (who discovered chlorine, and obtained it, by 
separating from it the hydrogen with which it is united in muria- 
tic acid, and which he therefore supposed to be a compound of 
hydrogen with the newly-obtained gas,) — fornted a correct con- 
clusion. 

223. If chlorine an^^iydrogon in equal quaiftities by measure 
he mixed together, and exploded by the electric spark, or a burn- 
ing match, muriatic acid will be formed; and if the experiment be 
properly conducted, the quantity of acid, or compound gas obtain- 
ed, will be equal to that of both the** constituent gases taken 
togctlf3r. Thus, if 50 cubic inches tf chlorine, and as many 
of hydrogen be exfdoded by electricity, 100 cubic inches of 
muriatic acid will be obtained ; and as the weight of chlorine is 
to that of hydrogen as 36 to 1, their combining or proportional 
numbers must be in the same ratio, and the combining number 
of muriatic acid will consequoT^ly be 37. 

221. Muriatic acid gas is coloullcss, and has an intensely acid 
taste, and a peculiar pungent smell* It cannot be respired, and it 
is inc|}mbu8tible, extinguishing burning bodies plunged into it. 
Like other acids it reddens vegetable blues, as litmus paper ; but 
turmeric paper exposed to it acquires a brown lint, not unlike that 
produced by an alkali. The attraction of this gas for water is very 
great, so that it immediately forms fumes like white clouds, when 
suifered to escape into the air, by combining with the water con- 
tained in it. Water at the temperature of 40°, absorbs 480 times 
its own bulk of muriatic acid gas, being at the same time increased 
in quantity. The solution for^s common muriatic acid, which, 
when pure, is colourless, and possesses all the general properties 
^of the gas. Its specific gravity varies according to the quantity 
of the gas with which the water is combined ; but it is usually 
about 1.16 or 1.17. 

Whef first nsrertained the true nature of muriatic acid ? 
whom was rlilorine first obtained from this acid ? 

Itc>w ma^iit be dircriljr comtx>sed from uhloriiio and hydrogen f 

What are the sensible properties of muriatic acid goaf 

What effect has it upon combustion ? 

What portion of it may be absorbed by water ? 
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S25. Muriatic acid is commonly procured from the decompo- 
sition of common salt, by means of sulphuric acid diluted. In 
this case a double decomposition takes place. The salt, which 
is a compound of chlorine, with the metal sodium, (the basis of 
soda,) being introduced kito a tubulated retort, on adding to it sul- 
phuric acid, and applying heat, the water %)ixed with the acid be- 
comes decomposed, and its oxygen uniting with the soflium forms 
soda, which combines with the sulphuric acid, while the hydrogen 
of the water unites with the chlorine thus set free, to form mu- 
riatic or hydrochloric acid. If the operation be conducted over 
mercury, the gas w*ill be obtained in great purity^ though not 
free from water. A process very similar to this is usually adopted 
for procuring liquid muriatic afiid ; Ae gaseous acid, as it is pro- 
duced, being condensed in a series of bottles, each containing a 
small quantity of water, and provided with safety tubes. 

226. Hydrogen and iodine, placed in contact, combine slowly at 
a moderate temperaAre, but •the union more readily takes place 
when iodine is heated in hydrogen gas ; an attd gas being formed, 
which is rapidly absorbed by water, and whiM is decomposed by 
mercury, and therefore cannot be preserved long over that fluid. 
The gaseous product is called hyariodic acid. There are various 
modes of preparing it, one of the most convenient of which is by 
exposing eight parts of iodfhe and one of phosphorus, moistened 
with water, in a small retort, to a gentle heat, when the gas %ill 
be evolved, and must be received over mercury, but transferred as 
quickly as possible into an exhausted vessel, or it may be allowed 
to pass over into a bottle tilled with atmospheric air, in the manner 
directed for procuring chlorine gas;* both these gases, from 
their specitic gravity, being cap^bfe of expelling common air 
in a great measure from an open vessel when poured into it. 

227. Hydriodic acid is a colourless elastic fluid, having a sour 
taste, reddening vegetable blues, and exhaling un odour like 4hat 
of muriatic acid, white fumes escaping when it is exposed to the 
atmosphere. Its specific gravity is 4.34, that of atmospheric air 
being 1 ; and 100 cubic inches weighing 133.4 grains. A saturat- 
ed solution of hydriodic gas may be obtained by careful evapora- 
tion of water impregnated with it, by passing sulphuretted hydro- 
gen through a mixture of iodine and water. The liquid acid has 
a specific gravity of 1.7. It*dissolves iodine, acquiring a deep 
brown colour, and it is decomposed* by the nitric and sulphuric 
acids. The acid in its gaseous state is decomposed by chlorine. 

What process is commonly employed ibr obtainining muriatic acid ? 

Wliat succession of reactions is supposed to take place when this pro- 
cess is employed ? 

By what method is hydriodic acid most conveniently prepared? 

What are the sensible properties of this gas ? ^ 

In what manner may hydriodic acid bo obtained in a liquid st%^ ? 

What is Its specifle gravity ? 


* See above No. 179. 
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muriatic acid being: formed, and the iodine Bet free, forming violet- 
coloured fumes, when the chlorine is mixed with atmospheric air. 
From the action of mercury, and some other metals, on hydriodic 
acid gas, causing the evolution of half its volume of hydrogen, it 
may be inferred that this acid is composed of 1 equivalent of each 
of its constituents, ancT therefore its combining number must be 
124 4- 1 =^125. 

228. Hydrogen and bromine do not enter into combination, when 
the vapour of the latter is minglfd with the former and exposed 
to the light of the sun ; but the mixture may be inflamed by in- 
troducing into it alighted match, or red-hot iron, when union takes 
place, but without explosion. The product is a colourless gas, 
which, from its properties, Mias beftn styled hydrobromic acid. It 
may also be procured from the dcccmposition of water, by means 
of bromine and phosphorus, in a mode analogous to that in which 
hydriodic acid is obtained. 

229. Tho hydrobromic acid gas is rapidly* absorbed by water, 
but may be presen^d over mercury. Its aqueous solution is at 
first colourless, but readily dissolves bromine, and receives from 
it a yellow tint. It is decomposed by chlorine, and likewise by 
nitric acid, but not so easily by the sulphuric acid. In the mode 
of its composition it resembles the hydriodic acid, and may be 
supposed to consist of 1 atom of broiAine and 1 of hydrogen, so 
tharits combining number will be 76 + 1 = 76. 

230. Hydrogen combines with fluorine to form the compound 
called hydrofluoric acid^ the properties and method of procuring 
which have been already described.* Fluorine having never been 
obtained in a separate state, its equivalent or combining number can- 
not readily be ascertained. It ilas been variously estimated, from 16 
to 19 ; and since hydrofluoric acid may be regarded as bearing an 
smalogy of constitution to the other hydrogen acids, it must be con- 
side^^d as composed of 1 atom of flucriiie and 1 of hydrogen, and if 
1 9 be taken as the atomic weight of the former, that of the latter 
must consequently be 19 -f- 1 = 20. 

231. Hydrogen forms compounds with a few only of the electro- 
positive bodies, as nitrogen, sulphur, phosphorus, arsenic, and 
tellurium ; and tho most important of these combinations will be 
subsequently described. In some respects hydrogen, in a variety 
of chemical operations, appears to aot as a sort of antagonist power 
to oxygen, the one exhibiting Uie highest degree of electro-negative 

Whot are the rosulls of it8 dccom position l»y chlorine ? 

What number of volumes of each consiituent enter into hydriodic acid ? 

What is its atomic weight ? 

What combination is liydrogen capable of forming with bromine ? 

-Wk*at with lluoriiie ? 

What is supposed to he the atomic constitution of tliis latter compound ? 

With which of the eloctro- positive bodies may hydrogen combine 7 

What dlectrical relation does this gas appear to sustain to oxygen? 


* See above No. 201, 
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energy, and the other perhaps the utmost electro-positive 
energy. Next to oxygen it is apparently the most widely extended 
and abundant of all known bodies. Like oxygen, also, it forms, 
in combination with other elements, three sorts of compounds : 
thus, with chlorine, iodine, &c., it constitutes acids; with nitro- 
gen, ammonia, a salifiable basis ; and with oxygen itself it forms 
water, with arsenic, arseniuretted hydrogen, neithe¥» of which 
bodies have acid or alkaline properties.* 

Nitrogen* 

232. As this gas is contained in^a large pro- 
portion in atmesphevic air, it may bo procured by 
burning phosphorus, in air inclosed over water, in 
a tall glass jar. The phosphorus may be placed 
in a small basin of wedgwood ware, as in the 
anrfbxcd figure ; and after having been inflamed 
with a red-ffot iron, it is to be covered with the 
inerted jar or bell-glass, The jar should have 
an open neck at top, filled with a stopper, which 
must not be inserted at first, part of the air, ex- 
panded by heat, being allowed to make its escape : the stopper is 
then to be replaced, and tl»e combustion suffered to continue, till 
the phosphorus becomes exlinguishcd, in consequence of the 
oxygen having been consumed. The remaining gas, after the jar 
has cooled, must be well washed with lime-water, and the pro- 
duct will be pure nitrogen. 

233. This gas may also he obtained by allowing atmospheric 
air to stand in an inverted jar, over a mixture of equal parts of iron 
filings and sulphur, made into a paste with water; which mixture 
would absorb the oxygen of the air, and leave the nitrogen be- 
liind. Another methcwl of procuring nitrogen is by passing 
chlorine gas through a strong solution of ammonia in watci^ In 
this case the ammonia, which is a compound of hydrogen and 
nitrogen, becomes decomposed by the chlorine, which unites with 
its hydrogen to form muriatic acid, and the nitrogen is given out. 
If, however, a large proportion of chlorine be used, chloride of 
nitrogen will be formed. 

23i. Nitrogen, however i* may be obtained, is a permanently 
elastic fluid, it having hitherto resisted all attempts to reduce it to 
the liquid state by compression and low temperature. It is a 
colourless gas, dr^stitutc of taste and smell, unfit for respiration, 
and is neither inflammable nor capable of supporting combustion, ^ 

in what manner may nitrogen be procured from atmospheric air? 
Describe the apparatus adapted to this purpose. % ^ 

in what manner are sulphur and iron employed for the same purpose £ 
How chlorine and ammonia? * 

What is the explanation of the latter process ? 



* Journal of Science, ed. at R. I., vol. i. p. 286. 
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burning bodies introduced into it becoming instantly extinguished. 
It has no action on vegetable colours, nor upon lime-water, and is 
absorbed by water only in a very minute proportion. Its weight 
is fourteen times that of hydrogen, and it is therefore somewhat 
lighter than atmospheric air. ^ 

335. Nitrogen enters into combination with oxygen in various 
proportioni^jl forming several important chemical^ compounds. It 
IS likewise, as already stated, one of the constituents of atmos- 
pheric air, which consists of thip gas, mixed with oxygen, and 
small quantities of aqueous vapour and carbonic acid gas ; but these 
latter bodies. appear to exist, not only in comparatively minute, 
but also in variable quantities. The physical properties of atmos- 
pheric air have been alrea;]ly defiticribed and elucidated in the 
Treatise on Pneumatics ; the notice of it here will therefore be 
confined to its chemical properties and modes of action. 

336. It is now generally admitted by chemists, that though the 
essential constituents of atmospheric air, oxygen and nitrogen, 
are always found in ^he same proportions, yet this compound gas, 
in which we live ant\.breatho, is a mere mixture of its component 
parts. Considered in this point of view, common air presents a 
wonderful uniformity in various situations. For air, collected by 
means of a balloon, at the distance of more than 31,000 feet above 
the surface of the earth, or at the level of the sea, procured from 
theiVnterior of crowded towns or cities, or from the tops of high 
mountains, and from the equatorial, or from the polar regions of 
the earth, is found to contain about one part, by measure, of 
oxygen, and four of nitrogen. 

337. The general constitution of the atmosphere may be thus 
more exactly stated : 

By Measure. By Weight. 

Nitrogen • 77.5 • . . 75.55 

Oxygen . 21. . . . 23.33 

Aqueous vapour 1.43 . . . 1.03 

Carbonic acid 0.08 • • . 0.10 

100 . 100 . 

The quantity of aqueous vapour must, however, always depend 
on the temperature of the air and its relation to the dew-point.* 
238. Since nitrogen gas is characterized chiefly by negative 
properties, and is especially tmflt for respiration, the purity of the 
atmosphere is always estimated by the quantity of oxygen gas 
which it contains; and hence the employment of instruments 

What are the leading properties of nitrogen ? 

In what state is it supposed to exist in atmospheric air? 

'Wniit has been Ibuiid to be the constitution of air brought from gront 
■Cceights ? ^ 

What p<^/portion by measure and by weight are the two chief ingr jdi 
ents of atmospheric air always found to maintain ? 

* See Treotise on Meteorology. 
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called eudiometers, consisting in general of tubes, adapted to ap- 
paratus for absorbing or consuming the oxygen of a given quantity 
of air, and for measuring the residuum. 

239. Among the chemical compounds of nitrogen and oxygen, 
the first is the protoxide of nitrogen^ containing a larger proportion 
of oxygen than is found m common air, bi|^ less than in any other 
of the chemical compounds. This oxide, which is^a gaseous 
body, was discovered by Dr. Priestley in 1776, and by him termed 
dephlogisticated nitrous air ; by others it has been styled gaseous 
oxide of azote ; and as elsewherd mentioned, from its effects when 
respired, intoxicating gas. It may be obtained by exposing the 
next compound, nitric oxide, over a mixture of sulifliur and iron 
filings ; by which the oxygen will Iw partially absorbed, and the 
protoxide formed. It may, however, be obtained more readily, 
and in a state of greater purity, by heating in a glass retort over a 
lamp the salt called nitrate of ammonia, which becomes decom- 
posed at the temperature of about 420^, into hydrogen and pro- 
toxide of nitrogen. 

240. The gas thus obtained is destitute 9fi colour, and has a 
sweet taste, and a peculiar agreeable smell. •It is easily absorbed 
by cold water, which takes up about its own* bulk of this gas, and 
gives it out when heated . It does not change tiie colour of vegetable 
blues. It is a supporter ^f combustion, and a taper introduced 
into it, which has been lighted and just extinguished, will be re- 
kindled, and burn with an enlarged flame, surrounded by a pur^ish 
halo. Iron wire or charcoal, previously made red-hot, will burn 
in it almost as brilliantly as in oxygen gas, but for a shorter time. 
Phosphorus and sulphur, when introduced into it while in a state 
of active inflammation, burn with gneat violence ; but if immersed 
in this gas while they are burning but faintly, the flame becomes 
extinguished. 

241. When mixed with hydrogen, the protoxide of nitrogen may 

be made to detonate by means of flame, or of an electric sflark. 
Two cubic inches of the protoxide require two cubic inches of 
hydrogen for its decomposition ; water in this case being produced, 
and two cubic inches of nitrogen remaining. Now, since two 
cubic inches of hydrogen require one cubic inch of oxyeren to form 
water, the protoxide of nitrogen must be composed of^ two cubic 
inches, or volumes of nitrogqp and one of oxygen, condensed into 
the space of two volumes. ^ 

242. The singiilar effect of this gas when breathed has been 
already mention^. Though the temporary use of it is seldom at- 
tended with inconvenience, yet, from the great excitement it pro- 
duces, it cannot be long breathed without danger. Experiments 

By whom was protoxide of nitrogen first obtained ? 

How is it obtained from nitrate of ammonia ? 

What are its sensible and chemical properties 

How does it react when heated with hydrogen ? 

What reasoning on this experimnt leads us to the true constitutioci of 
protoxide of nitrogen ? 
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relative to its effbcta may be made by filling a clean bladder v^ith 
some of the gas, the purity of which has been previously ascer- 
tained, and it may then be inhaled through a pipe, with a stop- 
cock adapted to it. Different persons are variously affected by 
it ; with some it appears to be nearly inactive, but most persons 
oil using it foel tlieir spirits greatly exhnirated, as by the moderate 
use of wiw* ; and upon the whole, it may be regarded as occasion- 
ing the incipient and most agreeable effects of intoxication. 

:213. The nitric oxide or deutoxide of nitrogen^ though not first 
discovered, was first carefully 'examined by Dr. Priestley, who 
gave it the name of nitrous gas. It may he obtained by decom- 
posing nitrhb acid by means of metals, as by pouring the acid on 
copper filings, in a retort, and coHecting the fumes which will be 
produced over water. The first portions that pass over are con- 
taminated with nitrogen and nitrous acid gas, and should there- 
fore be rejected. Nitric oxide is a colourless, gaseous fiuid, 
sparingly soluble in water, and not affectingt.the colour of vegeta- 
ble blues. It is quite unfit for respfration. Most flaming bodies, 
us burning sulnliuf*, are extinguished whendmmersed in it; but 
charcoal and phosphorus readily burn, if introduced into it in a 
stale of intense ignition. It does not explode with hydrogen in 
11113^ proportion, but produces a green ilanie, if burnt with it, in 
coniruon air. When nitric oxide is n>ixcd with oxygen gas, deep 
red fumes are formed, which are ropdily absorbed by water; and 
the same phenomenon takes place when this gas is mixed with 
the atuiosphere, or with any air containing oxygen. Supjiosing 
the atomic weight of nitrogen to be 1*1, this oxide consisting of 1 
utom of iiilrogoa and 2 of oxygen, its combining weight must he 
14 4-lfi = 30. 

214. Jli/ponitrous acid is a compound of nitrogen and 0X5''gen, in- 
teriiH diate as to nitric oxide and nitrous acid, wliich was discovered 
by (.Jay Lussac. It may be produced by mixing nitric oxide and oxy- 

over mercury, with a little concentrated solution of potash fioat- 
iiirf above it. The proper proportions arc four volumes of nitric 
oxide and one of oxygen, which combine together and unite with 
the potasli ; fioiii which the hyponitrous acid cannot be disengaged 
without docomposiMon. 

215. JVitrous acid is the next compound, which may likewise 
be formed by adding oxygen to the nitric oxide ; this, however, 
must be done in an exhaustcul glass vessel, for the nitrous acid is 

WIml efleefs dors it produce on the system when inhaled ? 

Whnt name did Prioslloy apply to the deutoxide of nitrogen ? 

In whnt mnniirr is that gas obtained ? 

V/hnt are its properties 7 

What subsinnees may be maintained in a state of ignition within it ? 

.IltK-iV docs it act upon uxyf^en? 

^ What are its coin}>osition and atomic, weight? 

In w'hat compound flbes the next degree of oxygenation above that of 
deutoxidtrof nitrogen exist ? 

By whom was hyponitrous acid discovered? 

Stale its composition and pn)perliea. 
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absorbed both by water and by mercury. When two yolumea 
of nitrous oxide and one volume of oxygen, are thus mixed, heat 
is evolved, and the gases become condensed to one-third of their 
original bulk, forming nitrous acid. This gas, which becomes 
reduced to the liquid state at zero of Fahrenheit, is readily absorbed 
by water, forming an acid liquor. Nitrous^acid gas supports the 
combustion of charcoal and phosphorus, but extinguish^ burning 
sulphur. 

246. Nitric acid is a compound in which oxygen exists in the 
largest proportion. It is said to have been produced in a minute 
quantity by passing electric sparks, for a long time^ through a 
mixture of nitrogen with oxygen : but it may be more readily ob- 
tained by passing nitric oxide vdry slSwly into oxygen gas over 
water. However, the usual mode of procuring it is by the decom- 
position of nitre (nitrate of potash) with sulphuric acid ; the latter 
entering into combination with the potash, and the nitric acid may 
be distilled over : thu% procur^, it contains at least onc-fourth its 
weight of water, and is theremre called hydri^cd nitric acid, and 
popularly aqua fbrtisT In this state it is a •transparent liquid, 
colourless when pure, having an intensely sour taste, and acting 
powerfully on animal substances, tinging the skin yellow when 
but lightly applied to it. It acts with great energy on most sub- 
stances which have an affinity for oxygen, and which thus decom- 
pose it. 

247. When brought in contact with hydrogen, at an elevated 
temperature, a violent explosion takes place; the experiment 
therefore cannot be made without danger. If it be poured on warm, 
dry, pulverized charcoal, inflammation ensues; and abundant 
fumes of nitric oxide are given out. inflammation may also bo 
produced by pouring nitric acid on spirit of turpentine ; but this 
experiment requires caution, and the best method of performing 
it IS by affixing the phial containing the acid to the end of a Iqpg 
rod, as some degrese of explosion takes place. Other essential oils 
may also be inflamed by this acid ; and with oil of amber, it forms 
a resinous compound, which has been called artificial musk, 
having an odour somewhat resembling that of musk. 

248. Chloride of nitrogen, — Nitrogen combines with chlorine, 
though their mutual affinity is inconsiderable ; and therefore the 
compound is most readily obtained by the indirect process of 
passing a current of chlorine gas thfoiigh a solution of any salt 
containing ammonia, at a temperature of about 90°. The salt best 
adapted for this purpose is nitrate of ammonia, or that which is 
obtained by the union of nitric acid with ammonia. The compound 

How many volumes of nitrogen and oxygen respectively form nitrous 
acid ? • 

In what manner is nitric acid best procured ? 

What name is commonly applied to this acid ? 

On what class of bodies does it act with peculiar energy 7 

How does it react with charcoal and essential oils ? 

In what manner is chloride of nitrogen best procured ? 



100 


CHEMISTRY. 


called chloride of nitrogen then appears, first in the form of an 
oily film on the surface of the saline solution, which collects into 
yellowish drops, and sinks to the bottom of the vessel. This is 
one of the most powerful explosive compounds with which we are 
acquainted ; and it is, theremre, too dangerous and unmanageable 
to ne applied to any useful purpose, and experiments made on it 
require th^ utmost care and caution. 

249. M. Dulong, who discovered this substance in 1812, lost 

an eye and the use of a finger by^its explosion ; and Sir H. Davy, 
who afterwards made experiments on it, was wounded in the face 
It explodes, iwith extreme violence at the temperature of about 
200° ; but the mere contact of sulphur, phosphorus, oil, and some 
other infiammable bodies, dauses its detonation at common tem- 
peratures. The composition of chloride of nitrogen has been dif- 
ferently estimated by different writers. It consists, according to 
some, of 14 Nitr. Hr 108 Ch. ; while others state it to be 14 
Nitr. + 144 Ch. - ** 

250. With iodinp, nitrogen forms a compound called iodidt of 
nitrogen^ It may be obtained by pouring a solution of ammonia 
upon a very small quantity of iodine. It is an insoluble black 
powder, highly explosive, as the slightest touch will sometimes 
cause detonation. 'When left exposed to the air it gradually 
evaporates ; or if moist, becomes decomposed into nitrogen, and 
iodic and hydriodic acids ; and it hi likewise decomposed by hot 
water, and by alkaline solutions. 

251. Ammonia. — Nitrogen and hydrogen may be mixed to- 
gether in any proportions without combining; but indirectly 
Uiey may be .united, forming the gaseous compound called 
volatile alkali or ammonia. " This appears, under certain circum- 
stances, to be formed naturally, being found in Egypt and some 
other countries in combination with muriatic acid, constituting 
the saline substance known in the shops by the name of sal-am- 
moniac. From this salt ammonia is most readily procured. One 
part of muriate of ammonia, (sal-ammoniac,) and two parts of dried 
quicklime, both powdered, must be introduced into a small glass 
retort ; and upon the application of a gentle heat, a pungent gas 
will be evolved, which is ammonia. It may be collected over 
mercury, or if collected over water, it may be rapidly absorbed by 
that fluid, constituting the liquor of ammonia. 

252. This alkali is at etommon temperatures a permanently 
elastic fluid ; but it has been reduced to the liquid state, by means 
of cold and pressure, by Mr. Faraday. In this form it is a colour- 
less, transparent liquid, of the specific gravity of 0.76 ; and its re- 

What 18 related of the peculiar action of this snbRtance ? 

Wh.at eBtiiuatCB have been formed of its composition? 

« What name is given to the compound of iodine and nitrogen ? 

What Cre its properties ? How is ammonia produced ? 

In what state does it exist at common temperatures f 

By what means can it be reduced to a liquid f 

Whrt is its specific gravity in this state 7 
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fractive power exceeds that of water. Ammoniacal gas is much 
lighter than atmospheric air; its specific gravity, compared with 
that of hydrogen, being as 8.5 to 1. It has a very acrid odour, 
which is not disagreeable when considerably diluted with com- 
mon air. It cannot be fbspired alone, animals instantly die 
when immersed in it ; and burning bodies are extingiii^ed by it. 
The gas itself is somewhat inflammable, for a sinalT jet of it 
thrown into a jar of oxygen will burn, the products being water 
and hydrogen. It turns vegetable blues to green, and renders yel- 
lows brown, like other alkalies; but the effect is not permanent, 
for as the gas exhales, the original colours return. • 

253. Water, at the temperati^re o^ 50° takes up 670 times its 
bulk of ammoniacal gas ; becoming increased in quantity, and 
lowered in specific gravity. In this state the liquor of ammonia 
is commonly used, both for chemical and medical purposes. This 
liquid absorbs carboiuc acid when exposed to the air, and should 
therefore be preserved in well-atopped glass bottles. At the heat of 
about 140*^, ammonia is rapidly evolved fromcit. When concen- 
trated, it congeals at 40^, assuming a gelatitlbus appearance, and 
losing its odour. 

254. When ice is introduced into a jar of ammoniacal gas, it 
melts quickly, absorbing th^ gas, and forming li(|uor of ammonia. 
This gas may be decomposed into its constituent parts, by passing 
it through a red-hot tube ; and' the decomposition may be hasteffed 
by filling the tube with coils of iron wire, and thus presenting to 
the gas a larger heated surface. The products may be received 
in a jar inverted over water. Dr* Henry ascertained that a mix- 
ture of ammonia and oxygen gas mjght be inflamed by the elec- 
tric spark. 

255. The alkaline gas also, alone, may be decomposed, by 
passing through it a succession of electrical sparks : by this pro- 
cess its volume becomes increased, and a cubic inch of it ina;p be 
augmented to double that bulk, by passing two or three hundred 
charges of electricity through it. Ammonia is formed during the 
decomposition of many animal substances: the production of this 
gas also takes place in consequence of the violent action of nitric 
acid upon phosphorus and some of the metals, and it is formed by 
exposing to an atmosphere of nitrogen, moistened iron filings; 
and in certain other cases, in which the gases composing it are 
gi^cn off simultaneously, under peculiar circumstances. 

Carbcffim 

25G. The physical properties of this substance in its usual state 
of aggregation, as procured from the distillation of animal^and 

Wliat effect has it on respiration ? 

Ill whnt proportions is it absorbccl by water? • 

What effect has ammoniacal gas upon ice ? What results from inis action? 

How may ammoniacal gas be decomposed? 

What action has eiiiclricily upon it? . 

Dv what natural pruccb»os mny aiiimoiiia be obtained ? 
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yegetalile Bubstances, are too well known to require a particular 
description. This body may be obtained in a state of cbarcoaly 
for experimental purposes, by covering pieces of wood with sand 
in a larg^e crucible, and exposing them for about an hour to a 
very intense heat. The charcoal used hi various arts and manu- 
factures ip commonly prepared on an extensive scale, by the im- 
perfect combustion of wood, built up in large piles, and covered 
with turf ; or else by the distillation of wood in cast iron cylin- 
ders. Lampblack is also chiefly^composed of charcoal, consisting 
of soot, collected from the combustion of the refuse resin, obtained 
in making tiSirpentine. Ivory-black is another carbonaceous sub- 
stance which results from t,he burning of bones in close vessels. 
Coke is chiefly composed of charcoal, arising from the distillation 
of coal, as in the coal-gas manufactories; but it is often contami- 
nated with sulphur and earthy matter. 

257. Carbon, as already stated, appears to exist in Cab purest 
form in the diamond. That this splendid gem was an inflammable 
substance, Sir Isaafe Newton sagaciously c'^njectured, from ob- 
serving that it was {lossessed of high refractive power ; this idea 
derived confirmation from the experiments of the Florentine aca- 
demicians in 1G94; and it has been verified more recently by the 
researches of Guyton Morveau, Smit|ison Tennant, Sir H. Davy, 
an^ other philosophers. The diamond, in its natural state, is 
composed of octaedral crystals. It is brittle, but appears to be 
harder than any other substance ; and hence the powder of dia- 
mond is used for cutting and polishing the hardest gems, and the 
diamond itself, fur the purposes of ornamental jewellery. 

25R. Carbon, as commonjy procured by distilling wood, is a 
good conductor of electricity, though a bad conductor of heat. It 
remains unchanged by air or water at common temperatures; but 
when highly heated, readily burns in oxygen gas or common air. 
It itas the property of destroying the smell and taste of many 
animal and vegetable substances ; and it powerfully resists putre- 
faction, so that tainted meat, if covered with new-burnt charcoal 
for a few hours, becomes perfectly sweet. 

250. The colours of vegetable substances are also greatly affected 
by charcoal ; and hence it is sometimes added to port wine for 
the purpose of giving it a tawny hue. Vinegar boiled with it 
becomes colourless; and it is largely used in refining sugar, in 
procuring transparent crystafs of citric acid, and in other processes. 
Charcoal obtained by the distillation of animal substances is found 
most serviceable for these purposes. Freshly-prepared charcoal 

What ia the nrocoas for procuring charcoal? 

How is lampblack obtained 7 
- What is the nature of ivory black? 

Whence is coke procured V 

In wh^t state is carbon found in the greatest purity ? 

From what observation was the inflammability of the diamond conjec- 
tured ? What are its chief physical properties ? 

Wliat are the chemical uses of charcoal ? 

What kind of charcoal is employed for those purposes ? 
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largely absorbs various gases, a property which appears to depend 
on the texture of the charcoal ; and the different kinds of this 
substance absorb, in various proportions, aqueous vapours con* 
tained in the air. 

260. Carbon unites wfth oxygen to fojpi three or more com- 
pounds, an oxide and various acids. The former of these, cor- 
oonic oxide^ is a gaseous body, discovered by Dr. Priestley ; and 
the properties of which were afterwards investi^ted by Mr. 
Cruikshank, and by MM. Clemdht and Desormes in France. It 
may be produced from the decomposition of the compounds con- 
taining carbonic acid, as by heating in an iron retort a mixture of 
chalk (carbonate of lime) and ^harppal, or of equal weights of 
chalk and filings of iron or zinc. The gas resulting from either of 
these operations may be collected in a jar inverted and filled with 
water; and it must be purified by agitating it with lime-water, to 
absorb any carbonic 4 icid which may be mixed with it. Carbonic 
oxide gas is destitute of colout and taste ; but it has a disagreeable 
smell, and is highly injurious to animals, •reducing giddiness 
and fainting, if respired when mixed with alftnospheric air. It is 
rather lighter than common air, 100 cubic inches weighing 29.65 
grains. It extinguishes dame, but burns with a faint blue light 
when combined with atmo^heric air. 

261. When a stream of this gas is burnt under a dry bell-glass, 
in common air or oxygen gas, no deposition of moisture tdkes 
place, as in the combustion of hydrogen and its compounds. 
If carbonic oxide, with an equal volume of hydrogen, be passed 
through a red-hot porcelain tube, the tube will become lined with 
carbon, arising from the decomposition of the oxide, and water 
will be formed ; showing that at a high temperature, oxygen has 
a greater affinity for hydrogen than for carbon. When carbonic 
oxide, mixed with half its volume of oxygen, is exposed in a de- 
tonating lube to the electric spark, an explosion will take place, 
and a quantity of carbonic acid will bo formed, equal in bulk to 
the carbonic oxide. Hence it appears that carbonic oxide con- 
tains just half as much oxygen as carbonic acid. 

262. Carbonic ojcid^ or, as it was formerly called, fixed air, is a 
compound gas, formed both by art and nature, in a variety of pro- 
cesses. An abundant production of this gas takes place in the 
combustion of animal and vegetable substances in general ; but 
the most interesting example of the formation of carbonic acid 
occurs when the diamond is intensely heated in common air or 
oxygen gas. This extremely dense and apparently permanent 

In how many proportions is carbon capable of uniting with oxygen f 

How may carbonic oxide be procured ? 

What effects docs it produce when respired ? 

What are its chief chemical properties? , . , 

What effect arises from heating it in mixture with hydrogeffT 

What product results from exploding a volume of carbomc OXlttS With 

halfa volume of oxygen? 

What name was formerly applied to csrmmtc oesa ? 
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substancey under these circumstances, becomes wholly conyerted 
into carbonic acid ; a result which plainly demonstrates it to con- 
sist of carbon alone. The combustion of the diamond, with a 
view to ascertain with accuracy the products of the operation, 
appears to have been fi^st undertaken bjf Lavoisier in 1772. In 
1797, Mr. Tennant determined from experiment that equal quan- 
tities of carbonic acid were obtained when equal weights of dia- 
mond or of the purest charcoal were deflagrated with red-hot nitre ; 
and more direct experiments were* subsequently made, by causing 
the diamond to unaergo combustion in oxygen gas. 

263. This iast process may be conveniently executed by means 
of the apparatus exhibited ip the 'xnnexed diagram. It consists 



of a glass globe, containing about 110 cubic indies, having fitted 
to its neck a copper cap, with a large appertnre, into which a stop- 
cock is screwed, and from which a jet-pipe, A, rises into the in- 
terior^of the globe. Just above this jet, two wires, CC, terminate, 
at -a snort distance apart, one of them being attached to the side 
of )he jet, ^ and the other passing through an insulating glass tube. 

By whom was carbonic acid first obtained from the diamond ? 

I/escribe the apparatus in which the combustion of tho diamond may be 
effected f ^ 
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to the outside of the apparatus, forming the ring D. On the end 
of the jet is fixed by a socket a small capsule, B, made of platina 
foil, and pierced with holes like a sieve. It is placed about three- 
quarters of an inch from the extremity of the jet, and the arm 
that supports it is bent so«that the stream of hydrogen^ used to set 
the diamond on fire shali not play against ft. The lower part of 
the stop-cock screws on a small pillar, fixed to a staiid ; and at 
the side is an aperture, from which passes a tube with another 
stop-cock, by which a bladder filled with hydrogen gas may be 
connected with the apparatus. 

264. When a diamond is to be submitted to combustion, it is 

to be placed in the capsule B, and the globe must be removed 
from the pillar and placed on ah air-pump, and when evbaasted, 
refilled with oxygen It is* then to be caiisr.*'l!3''-^H^wed on 

the pillar again, and the bladder of hydrogen gas attached to the 
lateral tube. The ring D must then be connected with the con- 
ductor of an elecirictl machgie, by a chain or wire, and a con* 
tinned discharge of electric sparks being mgde to pass between 
the wires CC, the sfop-cnck next the bladder must be opened, 
and a current of hydrogen thrown in, which inflaming, heats the 
capsule and diamond to white heat, and the diamond taking fire, 
will burn without any fuller supply of hydrogen. One or more 
small diamonds may thus be exposed to combustion, and they 
will continue to burn, producing a strong white heat, till soere- 
duced in size as to be cooled too low by the platina capsule. 

265 . When hydrogen is thus employed to inflame the diamonds, 
a little water will be formed in addition to the products of the 
combustion of the gem. This inconvenience may be avoided by 
using the flame of carbonic oxide. AS, however, no hydrogen has 
been found to exist in the diamond, it is better to use that gas as 
the heating agent; for then the carbonic acid produced by the 
diamonds will be unmixed with any from another source, aq^ it 
may be collected and its quantity exactly ascertained.* 

266. Carbonic acid, when wanted for the purpose of experi- 
ment, may, however, be most readily obtained by decomposing 
the combinations of this acid with alkalies or earths. Thus chalk 
or marble, (carbonate of lime,) when dropped in small fragments 
into diluted sulphuric or muriatic acid, will give out abundance 
of this gas. Vinegar or almost any other acid may be used in- 
stead or those just mentioned ; as thB affinity of carbonic acid for 
salifiable bases appears to be weaker than that of most, if not all 
other acids. Carbonic acid gas may be collected over water, which, 
however, absorbs a large portion of it, even at common pressures 
and temperatures. 

By what means is a temperature of ignition first communicated tS tllb 
diamond in this apparatus f • ^ » 

How is carbonic acid procured for purposes of chemical e xpdftment f 


* Journal of Science, ed. at R. I., vol. iz. pp. 264, 265. 
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267. Tills gas is destitute of colour or smell ; but, like other 
acids, it has a sour taste. It is much heavier than common air, 
and is uninflammable, extinguishing burning bodies which are 
plunged into it. Owing to its groat specific gravity, it may be 
poured fromr one vessel to another, like a liquid; and will re- 
main for some time at the bottom of an open jar, without mix- 
ing with ^Jhe atmospheric air above it. lienee a curious efFcct 
may be produced, by placing a lighted taper at the bottom of a 
tall glass jar, and pouring carboixic acid into it, which will imme- 
diately extinguish the taper, just as if water had been poured 
over it. It is highly deleterious to animals, and cannot be breath- 
ed without the utmost danger, as appears from numerous instances 
which'-t'^ve occurred of p6Y8ons‘who have lost their lives by 
being up tti a close cnamber with braziers or chafing-dishes 
of burning charcoal, or by descending into vats at the bottom of 
which this gas had been produced from the fermentation of vinous 
liquors. It is also sometimes foiuj^ in the lower parts of 'wells 
or mines, where it occasions fatal accidents ; and it is called by 
miners the choke-dajnp. It is discharged frdm the surface of the 
water of some natural springs ; from caverns, and narrow, deep 
valleys, of which phenomena an account will be found in another 
part of this volume. 

2G8. As water readily takes up this gas, so it may be made by 
nre'''9ure to absorb a large quantity of it. Thus is prepared the 
liquor called soda water, which in general consists of water only, 
abundantly impreg^nated with carbonic acid, by pressure and agita- 
tion. A similar fluid is formed by nature in tlie bowels of the 
earth, constituting peculiar mineral waters, as those of Spa, 
Seltzer, and Pyrmont ; though these waters appear also to con- 
tain small quantities of saline matter as well as carbonic acid. 
Water impregnated with this acid reddens paper stained with a blue 
colour by litmus ; but the tint thus given is not permanent, like 
that occasioned by the stronger acids. 

2G9. Carbonic acid has been reduced from a stale of gas to 
that of liquid by compression. Mr. Faraday obtained it in this 
form by disengaging it from carbonate of ammonia by means of 
sulphuric acid, in a glass tube hermetically sealed, one end of 
which w'as imniersed in a freezing mixture. The liquid acid, 
was colourless, and floated upon the sulphuric acid and water 
contained in the tube. It diitilled rapidly over, at a temperature 
below the freezing-point of water. The pressure under which 
this fluid was formed was estimated to oe equal to thirty-six 
atmospheres. 

Whnt are the sensible properties of this gns ? 

^Jn ‘tvhat manner may its unfitness to support rombiistion bo illustrated ? 
e • What iatal effects upon animals demonstrate the same character? 

Ilow is, 'irbonic acid condensed in water? 

What effect has water thus impregnated on vegetable bines 7 

At what temperature and pressure may carbonic acid assume the liquid 
form? 
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270 . Carbonic acid may be decomposed by the action of the 
metal potassium, which having a stronger attraction for oxygen 
than the carbon has, when it is heatea in carbonic acid it burns 
with great splendour; charcoal is deposited, and an oxide of 
potassium is formed. Wh^n carbonic acid, obtained by burning a 
diamond, is thus decomposed, the carbon produced is found to be 
exactly equal in weight to that of the diamond consumed. Car- 
bonic acid may also be decomposed by hydrogen and other bodies ; 
but phosphorus when heated iq this gas does not effect its 
decomposition, the afUnity of carbon for oxygen being apparently 
greater than that of phosphorus. 

271. Besides the two compounds of carbon and oxfgen which 
have been just noticed, there are two i^not three more bodies of an 
acid nature which also appear to be constituted of the same 
elements, but in different proportions. These are the oxalic, the 
iiiellitic, and croconic acids. 

272. OxriAc is tL produc|ion of nature, being contained in 

the state of a salt, coinbiiied with potash, in wood-sorrel, {Oxalis 
cicetosella,) common sBrrcl, {Rumex acetosa^) aqp in several species 
of lichens. It may likewise be procured artificially, by the action 
of nitric acid on sugar. Bergmann, ascertained it to be a peculiar 
kind of acid, and it was long supposed to be, like most of those 
derived from vegetables, a*compound of carbon and hydrogen 
with oxogon ; but Dobereiner conjectured it to consist of car^n 
and oxygen only, as is now generally admitted. When obtained 
from the oxygenation of sugar, or from the decomposition of any 
of its salts, it forms tetraedral prismatic crystals, resembling in 
their general appearance, sulphate of magnesia, (Epsom salt;) 
and as it is a powerful prnson, many fatal accidents have been 
occasioned by its being mistaken for that salt. In the crystailiuB 
state, the oxalic is a hydrated acid, containing a definite portion 
of water, which cannot be separated from it, wiUiout causing its 
decomposition. ® 

273. MtUUlc acid is of mineral origin, being found in combina- 
tion witli alumine in the mellite or honey-stone. 

271. Croconic acld^ which was discovered a few years ago by 
M. Gmeliu, is an artificial product, the nature of which has not 
been properly ascertained ; but it appears to be a compound 
analogous with the two preceding acids ; but differing from them 
in th(j relative proportions of its consiituents. 

275. The followinjr are the respective quantities of carbon and 
oxygen in tlie several cempounds of those bodies, according to 
Mitscherlich : 

By w^hat reagent may it be decomposed ? 

What other arid coinpnunda of carbon and oxygen exist? 

What is the natural source from which oxalic acid is obtained ? 

What is its crystalline form ? * 

What peculiar property docs it possess ? 

For what salt has it been oflen mistaken? 
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Carbonic acid = 100 Carbon + 265.23 Oxygen. 

Oxalic acid = 100 Carbon + 198.92 Oxygen. 

Carbonic oxide = 100 Carbon + 132.616 Oxygen. 

Mellitic acid = 100 Carbon + 99.46 Oxygen.* 

276. with chlorii:\f carbon unites in three proportions. The 
Protochl^ide of carbon may be obtained by passing the vapour of 
the percnloride through a red-hot tube containing fragments of 
rock crystal y to increase the heated surface, and thus a portion of 
chlorine is driven off, and thcf protochloride is formed. It is a 
limpid, colourless liquid, which docs not become congealed at 
zero of Fahrenheit, and is volatilized at about 165^. Its specific gra- 
vity is 1.55. It is insoluble ip water, but mixes readily with 
alcohol, ether, and oils. It dissolves chlorine, iudine, sulphur, and 
phosphorus. It is not combustible unless held in the fiame of a 
lamp, to which it communicates a yellow tinge, and gives off 
much smoke, mixed with fumes of muriatic acid. 

277. Perchlonde of carbon may be formed by exposing car- 
buretted hydrogerft gas, mixed with a great^excess of chlorine, to 
the action of light? The perchloride thus obtained, is a transpa- 
rent, colourless, crystalline substance, having no taste, but an 
odour resembling that of camphor. Its specific gravity is about 2; 
it is a non-conductor of electricity, and powerfully refracts light. 
It is volatile at low temperatures, ciissolves at 320°, and boils at 
3a0° Fahrenheit, and it may be distilled without becoming decom- 
posed, its vapour again condensing into crystals as it cools. It is not 
readily comuuslible, but burns with a red fiame, when held in the 
flame of a spirit-lamp, becoming decomposed, and forming char- 
coal (which flics off in smoke) and muriatic acid. It does not 
dissolve in water, but readily in alcohol and ether, and also in 
volatile and fixed oils. Potassium burns brilliantly in its vapour, 
chloride of potassium being formed, and carbon deposited. 

'278. There is a third compound called the subchloride of car* 
which was discovered to have been accidentally formed, in 
very small quantities, in a manufactory of nitric acid, from nitre 
and oil of vitriol, in Sweden. It is a solid crystalline body, vo- 
latilizing by heat, without decomposition. It has a peculiar smell, 
but in most of its properties resembles the perchlonde, containing 
however, apparently, a smaller quantity of chlorine than even the 
protochloride. ^ 

What are tho proportions in the four compounds of oxygen and carbon 
according to Mitseherlioh? 

How many compounds miw carbon ibrm with chlorine? 

What ore tho properties of the first of these? 

How is the perchloride of carbon obtained and what are its properties ? 

What name is given to the compound of iodine and carbon? 

In what manner is that compound produced ? 

Wha| course of re&ctions takes place in this process ? 


** Introd. to Chemistry, vol. i. p. 412. 
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279. lodiA of carbon may be obtained by mixing a eaturated 
solution of iodine in alcohol, with a strong alcoholic solution of 
potash, when part of the iodine will unite with the potassium, 
and the oxygen thus disengaged will combine with the hydrogen 
of the alcohol, to form, water; while ano^er part oT the iodine 
combines with the carbon of the alcohol. Iodide of carbon is a 
lemon-coloured solid, forming bright crystals, having sP sweetish 
taste, and an odour like sa&on. Its specific gravi^ is nearly 
2.^ It does not dissolve in water, but readily in alcohol, and 
still more so in ether. It also dissolves in oils, and when its 
solution in oil of lemon is exposed to light, the iodijie becomes 
decomposed, and carbon and iodine are deposited. The strong 
acids do not act on it, nor the aqueodb solution of chlorine, but 
chlorine gas decomposes it. It evaporates at low temperatures, 
and^ disscHves at about 248^, soon becoming decomposed, and 
giving out vapours of iodine, and a bright charcoal, when this 
solid iodide is mixc(f and dialled with perchloride of mercury, 
a liquid is procured, yrhich is likewise an iodide of carbon, which 
appears to consist of one proportion of iodine^ and one of carbon ; 
while the solid compound contains three proportions of iodine, 
and two of carbon, the latter, therefore, is a sesqui-iodide, and 
the liquid an iodide, or rather a protiodide of carbon. 

280. Carbon unites -wiiSh hydrogen in several proportions, 
forming a variety of compounds. Subcarhurct of hydrogenmis 
formed at the bottom of pools of stagnant water, containing ve-* 
getable matter in a state of decomposition* It is a gaseous body, 
and may be collected in an inverted bottle, with a funnel adapted 
to it, and the gas thus obtained must be purified by passing it 
through lime-water, or a solution of jfbtash. It is then colourfesB 
and transparent, having but little smell, and being soluble only in 
a minute proportion in water. It is inflammable, burning with a 
yellow dame, and giving out much more light than hydrogpn. 
If mixed in certain proportions with atmosi^eric air or oxygen 
gas, a violent exjdosion takes place on the introduction of dame. 
The spontaneous production ot this gas frequently takes place in 
coal-mines, forming what the miners call dre-damp, which 
from its tendency to explode, when mixed with common air, has 
been the cause of numerous dreadful disasters. 

281. As the mixture of these gases is exploded only when it 
comes in contact with dame, various methods have been adopted to 
furnish the labourers, who work in coal-mines, with light, without 
incurring the risk of explosion. With this view was invented a 
kind of mill, for producing continuous circles of sparks, by the 

What are Ihe properties of iodide of carbon ? 

What is the comiKwiition of the solid and what of the liquid iodiefe 
carbon ? What cliemical denomination properly agplies to each 7 ^ 

How is subcarbiiret of hydrogen formed 7 

Knumerate its properties. 

Under what circumstances will subcarburet of hydrogen and common 
air admit of an cxpkisioTi. 
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S ^ion of flint on steel, but the light thus given out is too incon- 
derable to be of much service; and hence different kinds ot 
safety-lamps have been contrived, the most efficient,^ beingr that 
of Sit H. Davy, the principle of which was explained in the 
former volume of this work.* • 

282. The accompanying figure represents the lamp 
as recommended for* general use by its inventor, 
and is taken from ms treatise on that subject, 
a is a cylinder of wire g^uze with a double top, 
securely and carefully fastened by doubling over 
to the brass rim which screws on the lamp c. 
The whole is protected and rendered convenient 
for carrying*4)y tlfb frame and ring The small 
coil of platina wire, p, hung within the wire gauze 
cylinder being heated by the flame of the Tamp, 
will continue to glow even when the flame quits 
the wick of the lajjf^p, on being introduced into 
an mmosphere of fire damp, thus affording a feeble 
ligl^ to the miner who wouffd otherwise in Bjuch 
cases be left in total darkness. When made of plain 
wire gauze the wire should be not less than one- 
sixtieth of an inch in thickness, and the number to 
the inch, each way abe^ut 28 or 30. 
dl83. Carburet of hydrof'eu may be procured by heating gently, 
over a lamp, in a retort, four parts of sulphuric acid, and one of 
alcohol. Ill this operation the mixture bi^.conies black, and an 
abundant disengagement of gas takes place, which may be collected 
over water, and purified by agitating it with lime-water, or 
solution of potash. This ga% is colourless, and when pure has but 
little smell. It is inflniiinrable, burning with a dense white flame, 
which gives much light. Water absorbs about i of its bulk of 
this gas, and it is also absorbed by sulphuric acid, without under- 
going decomposition. If, however, these bodies be placed in con- 
tact for several days, one volume of sulphuric acid will absorb 
between eighty and ninety of the gas, forming a peculiar compound. 

284. W*hen sulphur is heated in a given quantity of this gas, 
carbon is separated, and twice its bulk of sulphuretted hydrogen 
formed. As hydrogen undergoes no change of volume in com- 
bining with sulphur, it appears tlmt carburetted hydrogen must 
contain two volumes of hydrogen condensed into the space of one ; 
hence this gas requires for its complete combustion three volumes 
of oxygen, and the product will be water and two volumes of 
carbonic acid. This gas may also be decomposed by passing it, 
and repassing it through a red-hot tube of iron or earthen-ware, 

Erplain the construction of Davy’s safety lamp to prevent that ofiect ? 
How is carburet of hydroaen obtained ? 

What the sensible and chemical properties of this gas? 

How is"it decomposed by sulphur f flow by heat? 

* See ^ientifle Class Book, pt. i. Pyronomics, No. 144 and 145 p. 326. 
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when the carbon it contains is deposited, and its hydrogen be- 
comes expanded to double the original bulk. 

285. This gas when first discovered, in 1796, was termed ole- 

fiant gas, from its property of forming a substance like oil when 
added to chlorine. It equal quantities of carburet of hydrogen 
and chlorine be mixed together, a diminutidh of bulk takes place, 
and a substance is produced, having the appearance cf oil, but 
resembling ether in its general properties. It is a liquid which 
boils at 152^ Fahrenheit, and its^ specific mravity at 45^ is 1.22. 
It consists of equal volumes of chlorine and carburet of hydrogen, 
and it has been termed hydrochloride of carbon, ^ 

Olefiant, gas also combines with iodine and bromine, to form 
definite compounds. * * 

286. In addition to the gaseous carburet and subcarburet of 

hydrogen. Dr. Dalton and some other writers, mention a third 
compound of carbon and hydrogen, called super-olefiant gas, as it 
requires, for its contplete cqpbustion, a larger proportion of 
oxygen than the olefiant gas. But it seems^uncertain whether 
this elastic fluid is \ definite chemical compound, or merely a 
mixture of the preceding inflammable gases. There are, however, 
several other combinations of carbon and hydrogen, which are, 
under common temperatures and pressures, liquids or solids. 
Among the former may be*mentloned two liquids obtained by 
Mr. Faraday, from the fluid matter which occurs in the distillation 
of whale-oil, for the production of oil-gas, one of which is the 
llgiitcat ur dll except gases, its specific gravity 

hning 0.602; naphtha, a volatile, it.Admruable liquid, obtained 
during the distillation of coal-tar, and also occuring in some parts 
of the world, in springs, more or lees mixed with water ; oil of 
wine, formed during the preparation of sulphuric ether ; rectified oil 
of turpentine, which appears to bo very similar in its constitution 
to naphtha ; oil of lemon, and probably other essential oils. 

287. The solid compounds of carbon and hydrogen incAde 
naphthaline, a crystalline body, which occurs in the distillation 
of coal-tar; paraffin, another cry s tall izable substance, found 
among the products of the destructive distillation of wood ; a 
kind of scaly crystals held in solution by oil of roses, from which 
they may be separated by exposure to a low temperature, and the 
crystals may be freed from th^ adhering oil by pressure between 
leaves of blotting-paper, kept very epoT ; and caoutchouc, or the 
substance called Indian rubber. 

288. There is a circumstance highly deserving of attention 
with regard to the compounds of carbon and hydrogen which may 
here be noticed. So tar as we are acquainted with the atomic 

What name was at first given to it? 

How is the hydro-chloride of carbon obtained ? 

In what state does it exist ? 

What are its composition and character f 

What other liquid compounds of hydrogen and carbon are enumerated f 

What solid compounds of the same ingredients are known to chemists? 
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MmUtation of these bodies, they appear to be susceptible of ar* 
ngilllfont in classes or sections, each division consisting of a 
^ven number of carburets of hydrogen, agreeing ’with each other 
in the relative proportions of their constituents, but differing more 
or less in their properties and modes of action. As examples of 
the compounds in question, may be spedified olefiant gas, paraffin, 
Faraday '9 volatile liquid carbo-hydrogen, and oil of wine, in all 
which carbon and hydrogen exist in equal proportions ; and oil of 
lemon, oil of turpentine, and a liquid called camphogene, or the 
basis of camphor, in which the (Quantity of carbon is to that of by* 
drogen as 5 to 4. Other instances of a corresponding nature will 
be noticed y \ treating of phosphorus. 

289. Carbon unites witl;^ nitrogen to form a remarkable com* 

pound called cyanogen^ or the basis of prussic or hydrocyanic 
acid, which, by its combination with oxide of iron produces Prus- 
sian blue. It IS properly a bicarburet of nitrogen, and in . order to 
obtain it, it is necessary first to form the salty, formerly called prus- 
siate of mercury, but now cyanuret^^f mercury. This is composed 
by boiling red oxidtf of mercu^, with twice itjg weight of Prussian 
blue, in a sufficient ^iiiantity of water, when those bodies will unite 
to form a crystallizanle compound. The cyanuret of mercury, thus 
obtained, after having been carefully dried, at a temperature below 
212^ Fahrenheit, must be heated in small glass tube, when it 
becomes black, and liquefies, and is at length decomposed. The 
md^cui^ becoming condensed in the cold part of the tube, and a 
gas being at he same time evolved, which ooiiooiod o-rer 

mercury. This is cyanogen. Ibo usual temperature and 

pressure of the atmoaptiere, is a permanently elastic fluid, though, 
as elsewhere stated, it has been condensed to the liquid state 
by Mr. Faraday. * 

290. It has a peculiar pungent odour, resembling that of bitter 
almonds, and it is destitute or colour. It is inflammable, burning 
in CiC^ntact with air, with a fine purple flame ; but any burning body, 
as a lighted match, plunged into it becomes extinguished. It dis- 
solves in water, and more largely in alcohol. The aqueous solu- 
tion reddens vegetable blues, and according to Vauquelin, it be- 
comes spontaneously decomposed, and converted into carbonic 
and hydrocyanic acids, ammonia, a peculiar acid called the cyanic, 
and a brown substance containing carbon ; the ammonia combines 
with the acids, and the carbonaceous compound is deposited. 
These phenomena are owin^ to the reaction of the elements of 
cyanogen upon those of water. When cyanogen is mixed with 
oxygen, it may be exploded by the electric spark. If one volume 
of this gas and two of oxygen be detonated over mercury, the 

What remarkable circumstance distinguishes the various compounds of 
Carbon and hydrogen ? 

What compound results from the union of carbon and nitrogen ? 

What w<he true nature of cyanogen 7 

How is it obtained ? 

What are its properties 7 
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product will consist of two Tolumes of carbonio acid, and one 
of nitro^n. 

291. Cyanogen, though a compound, enters into combination 
with elementary bodies, in a manner very similar to the mode of 
action of oxygen and chlorine, llius, like oxymn, ^ combines 
with several of the metals, constituting corffpounds, which might 
be termed cyanides, though they are generally called cgranurets, 
and as chlorine forms with hydroo^en muriatic acid, so cyanogen^ 
combined with hydrogen focms hydrocyanic or prussic acid* 

292. The chemical properties of this acid may here be described. 
It may be obtained by heating, in a tubulated glass retort, three 
parts of cyanuret of mercury, with two parts by weight of concen- 
trated muriatic acid. A vapour fises, Consisting of water and the 
muriatic and prussic acids, the former of which may be separated 
by passing the vapour through a narrow tube, containing frag- 
ments of marble. It must then be passed over dry chloride of 
calcium, and condensed in a vessel surrounded by ice. 

293. The prussic acid thus obtained, is a Jimpid fluid with a 
strong smell, like thdt of laurel water or bittjpr almonds, and an 
acrid taste. It is extremely deleterious, proving destructive to 
animal life, in a small quantity, when either swallowed or inhaled, 
and therefore the utmost care should be taken in preparing it to 
avoid breathing the vapour, which, when much diluted with atmo- 
spheric air, will cause giddiness and headache. This ag^d 
volatilizes so rapidly, as to freeze in conse(][uence of the cold pro- 
duced by its evaporation. ^ Its specific gravity compared with hy- 
drogen is 13.5, 100 cubic inches weighing 28.593 grains. It con- 
sists of one volume of cyanogen, and one of hydrogen. This acid 
slightly reddens litmus paper, and i^ combines with alkalies and 
other bases to form salts ; but its affinities are so feeble, that these 
compounds are decomposed even by carbonic acid. It dissolves 
in any proportion in water and alcohol ; and it is occasionally 
used as a powerful medicine, and therefore in small doses, chiMy 
as a sedative, in cases of phthisis pulmonalis. 

Boron. 

294. This substance is usally obtained by heating together, in 
a copper or iron tube, one part of boracic acid, formerly called the 
sedative salt of Homberg, previously melted and powdered, and 
two parts of potassium ; when the temperature being raised till the 
tube becomes red, the metal attracts the oxygen from the acid, 
and the boron may thus be procured, in the form of a brown pow- 
der, having neither taste nor smell, and insoluble in water, alcohol, 

What results from the detonation of cyanogen and oxygen f 

What analog exists between cyanogen and oxygen or chlorine ? 

Give examines of this analogy. 

What name is given to its compound with Iwdro^n 7 

Wliat are the properties of hyarocyaoic acidf 7 

What is its composition ? 

Ilow is boron procured 7 

K 2 



CHEMISTRY. 


m 

OT oil, even when heated. It is permanent in the air at com* 
iilcm. temperatures, and is infusible. It is a non-conductor of 
elbctricily ; and its specific gravity is more than twice that of 
water. It does not decompose water when heated to 176^ of 
Fahrenheit. At low temperatures, bor/on remains unchanged in 
atmospheric air or oxy^n ; but at a temperature of 600^ of Fahren- 
heit it biil'ns with brilliancy, becoming united with oxygen, and 
forming horacic acid, 

295 , means of an apparatufi represented by the annexed en 
graving. Dr. Hare has succeeded in evolving boron by the reaction 
of pota8siiii)[\ with vitrified boracic acid, in vacuo, without en- 
countering the evil of any explos^o action, to which the process, 
as heretofore conducted in piono, nas been found liable. 



A cinmlar brass plate, is prepared, like the plate of an air pump, 
So as to produce, with any suitable receivers properly ground, an 
air-tight juncture. is supported on the upper end of a hollow 
brass cytinder, B, with the bore of which it has a corresponding 

What are its properties ? At what temperature is its combustion effected? 
What is the result of that process ? 
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aperture. ^ The brass cylinder is about three inches in diameter 
and six inches in height, being inserted at its lower end into a 
block of wood as a basis. This cylinder receives below, a screw, 
which supports a copper tube, C, of about two inches in diameter, 
so as to have its axis concentric with that of the cyMnder, and to 
extend about four inches above the plate. *The copper tube, thus 
supported, is closed at the upper termination by a cup^f copper, 
of a shape nearly hemispherical, and soldered at the upper edge, 
to the edge of the tube ; so that^the whole of the cavity of the 
cup, is within that of the tube. Hence the bottom of the cup is 
accessible to any body, not larger than the bore of the tube, with- 
out any communication arising oetween the cavity of the tube, and 
that of any receiver placed upojf the plate, over the cup and tube, 
as in the figure. 

“ Into the side of the cylinder supporting the plate, a valve cock 
is screwed, by means of which, and a fiexible leaden tube, a com- 
munication with an afir pump ia opened, or discontinued, at pleasure. 

The cup being first covereu with a portion c^the vitrified boracic 
acid, as anhydrous as possible, and finely {gilverized, the potas- 
sium is introduced, and afterwards covered with a further portion 
of the same acid, two parts of the potassium being used for one of 
the acid. A large glass receiver is now to be placed on the plate, 
secured by rods A, A, concf^tric with the tube and cup ; from the 
heat of which the glass is to be protected by a bright cylindei^f 
sheet brass, S, placed around it so as to be concentrical with the 
receiver and tube. 

296. The apparatus being so prepared, and the receiver exhausted 

of air by means of the air pump, an incandescent iron is introduced 
through the bore of the tube, so as to^touch the bottom of the cop- 
per cup. In a short time a reaction commences, which aiding the 
infiueiice of the hot iron, renders the cup and its contents red-hot. 
A deep red fiame appears throughout the mass, after which the 
reaction lessons, and the heat declines. ^ 

When the cup has become cold, the air is admitted into the re- 
ceiver, and the contents are washed with water. If any of the 
acid has escaped decomposition, it may be removed by boiling the 
mass with a solution of potash or soda. After this treatment and 
due desiccation a powder will remain, having the characteristic 
colour and properties of boronb” 

297. Boracic acid, which is used in medicine, is generally ob- 
tained from the decomposition of borax by sulphuric acid. It may 
be crystallized in the form of small shining plates or scales, in 
which state it is combined with water, constituting a hydrate; 
but by exposure to a strong red heat, it melts into a hard trans- 

f arent glass ; and at a white heat it becomes slowly sublimed. 

n the state of hydrate its specific gravity is 1.48, and in thftt of 
glass about 1.8. It dissolves sparingly in water, and the solution 

Describe Dr. Hare’s method of obtaining boron. 

What changes may boracic acid be made to undergo by heat ? ^ 
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vaidens vegetable blues, like other acids ; but when applied to 
paper wetted with infusion of turmeric, it acte like an alkali, ting^ 
ing it brown. The solution of boracic acid in alcohol burns with 
a gpreen flame. This acid is found naturally in the hot springs of 
Sasso, in Tuscany, and also in the Lipari Islands ; and it like- 
wise occurs combineli with magnesia in the mineral called 
boracite. ^ 

298. Boron may be made to combine with chlorine, by passing 
that gas over ciiarcoal and boraciq acid in a state of incandescence. 
The chloride oj^ boron thus formed 9 is a gas, which may be collected 
over mercury. It is colourless, heavier than air, and emits fumes 
when exposed to air; but does not undergo decomposition when 
strongly heated. * ^ 

299. A gaseous acid called the horojluoric acid, was obtained by 
the French chemists, Gay Lissac and Thenard, by heating 
together vitrified boracic acid and fluor spar (fluoride of calcium.) 
In this process the oxygen of the bomcic acid appears to enter into 
union with the calcyim of the spar, mrming oxide of calcium, and 
the fluorine being thps set free, unites with the boron to form the 
acid gas. It is colourless, but has a powerful smell, like muriatic 
acid ; is highly deleterious when respired, and extinguishes flame. 
It has an acid taste, and strongly reddens vegetable blues. It 
instantly carbonizes animal and vegetable substances, but it has 
iiOf effect upon glass; thus exhibiting a striking dissimilarity 
with the hydrofluoric acid. When mixed with oxygen ms it is 
not decomposed, but it powerfully attracts moisture ; and hence 
when bubbles of it are allowed to escape into the air, a dense 
white cloud is produced, arising from the combination of the 
borofluoric acid with the hygrometric water of the atmosphere. 

Silicon^ 

This is a peculiar solid body, hitherto undecomposed, and 
therefore considered as elementary, which in the state of combi- 
nation with oxygen is one of the most abundant substances in 
nature. Sir H. Davy appears to have effected the decomposition 
of the oxide, or rather acid of silicon, (siliceous earth,) by means 
of Galvanism ; but he was unable to collect the product of the 
operation so as to ascertain its properties. 

301. Berzelius separated the silicon from its acid by means of 
Iron, and his experiments wtte repeated by Professor Stromeyer ; 
and the former at length succeeded in procuring silicon in an 
uncombined state. The process which he recommends is not 

Where is it found in nature f 
What compound does it form with chlorine 7 
,, W'lat are its properties ? 

How is bomfliionc acid obtained 7 

* What e/fect has bordfluoric acid on vegetable and animal substances 7 
What effect has it on atmospheric air 7 
What is the true chemical character of siliceous earth 7 
Who first procured silicon so as to exhibit it in a separate stale 7 
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difficult, and its efficacy depends on the affinity of potassium for 
oxygen, which it attracts when the double fiuate of silica and 
potassa is heated nearly to a red heat in a glass tube closed at one 
end ; fragments of potassium being then introduced into the tube 
and made to mix with the fused salt, heat is again allied, and 
a feeble detonation ensues. The mass must tl^n be left to cool, and 
the product being thrown into cold water, hydrogen is di^ngaged 
from the action of the siliciuret of potassium, which becomes con- 
> verted into hydruret of silicon and potassa. 

302. The hydruret thus obtained^eing heated in a platina cruci- 
ble, the hydrogen will be driven off, and the silicon will remain, 
in the form of a snuff-colourcd or nut-brown powder, k does not 
burn either in air or oxygen gas ; neither is it fused or at all changed 
by exposure to powerful heat. 

303. Silicic acid. — Silicon, though thus incombustible, may be 
indirectly united with oxygen by various methods, forming, as 
already observed, the body known as siliceous earth. The com- 
bination may be effected by milting silicon with dry carbonate of 
potassa, and exposing^it to red heat, when the %xygen of the car- 
bonic acid will unite with the silicon, and a combination of silicic 
acid and potassa will be formed. If fused nitrate of potassa be 
used instead of the carbonate, no effect will take place ; though 
the addition of a little dry carbonate of potassa occasions imme- 
diate deflagration. 

304. This peculiar phenomenon is owing to the influence of tlft 
alkali, which having a strong affinity for silica, disposes the silicon 
tn r.nmhine with the oxygen of the carbonic acid, in which the 
union between carbon and oxygen is but weak. Nitric acid, on 
the contrary, being a very strong acid,^ntircLy prevents the alkali 
of the nitrate from acting on the silicon $ unless the substances 
be healed to whiteness, and then the nitric acid becoming decom- 
posed, the silicon will attract its oxygen, and rapid combustion 
will take place. 

305. When silicon is heated with caustic potassa or soaa, ic 
burns in the oxygen of the water which they contain, forming 
silica. This substance may bo found nearly pure in colourless 
rock crystal or quartz ; and in flint the earth is only combined 
with a little iron. In order to obtain silica in a state of absolute 
purity, rock crystal may be reduced to powder by heating it red- 
hot, and throwing it into water, and then bruising it in a mortar : 
one part of this powder is to be fused in a silver crucible, with 
three times its weight of potassa, and the mass thus formed being 
dissolved in water, muriatic acid is to be dropped into the solution 
so long as any precipitate is produced ; the liquid is then to be 
poured off, and the precipitate, which is acid of silicon, must be 
repeatedly washed with distilled water, and then dried. 

What process does Berzelius recommend for procuring silicdn ? 

Tlow may silicic acid be formed ? How is the process accounAd lor 7 

What happens when silicon is heated in caustic potash ? 

How is pure silica obtained 7 
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306* Silica thus obtained is a white, tasteless powder, feeling 
hafbh when rubbed between the fingers. . It is nearly insoluble in 
water, and probably in all acids, except the hydrofluoric. It is 
infusible alone before the blowpipe, unless the flame be fed with 
oxygen gas^ when it melts with difflcul^ into a colourless globule. 
Though water has nc action on it amr it has been dried, yet, 
according to Kirwan, when first precipitated and still moist, it 
dissolves in a thousand parts of distilled water; and it is certain 
that nature has some process for the solution of this substance, 
since it is found, though in minute proportions, in the water of 
some hot springs, as the Geysers in Iceland. When first prepared 
and minuteiy divided, it readily dissolves in solutions of potassa 
or soda; but ammonia har no kiffect on it. 

307. When silica is fused with a large portion of potassa, a 
compound is produced readily soluble in water, forming the liqwyr 
liquor of flints, of old writers. Professor Seigling, of 
Erfurdt, having pr^ared this liquor with a large c|uantity of water 
and of alkali, he sunered it to stand lor eight years in a glass vessel, 
covered with papery, when crystals of salts Oi potash were formed 
at tho bottom of the vessel, and the remaining liquid, about two 
ounces, was covered by a transparent crust, consisting partly of 
carbonate of potash, and partly of crystallized silica : the latter 
so hard as to strike fire with a steel, v 
^08. When silica is fused with a small proportion of potash or 
soda, without water, the product is that usetiil substance glass. 
In the manufacture of glass a variety of other substances are oc- 
casionally added to the silica and alkali, for vnHnna piiTpoooo • 
among these may be mentioned black oxide of manganese, which 
renders glass colourless, and improves its transparency ; litharge 
or oxide of lead, usad in making what is called flint glass ; lime, 
which is added to the ingredients for crown or the best win- 
dow glass ; and boracic acid or borax, employed in making arti- 
ficial gems. White arsenic, nitre, brick clay, and other sub- 
stances are sometimes added to improve the quality of glass ; 
or in the coarser kinds, to increase the quantity. 

309. Silica was long classed among the earths from which it 
differs decidedly, in not forming salts with acids ; the hydrofluoric 
acid, as already observed, being the only one with which it enters 
into combination. Hence it appears that silica cannot act the 
part of a base like the alkalies, * earths, and metallic oxides. 
With several of these, however, it is found combined in various 
minerals, and therefore as to its mode of action it has an obvious 
analogy with acids, and some chemists have given it the name of 
silicic acid, instead of silicic oxide : and to the compounds formed 
by its union with several earths and metallic oxides, they have 
% 

What are its prominent properties 7 

Where does it exist an natural solution 7 

How is^'the /lyaor of flinU obtained 7 

Into what artificial product does silica enter 7 

In what respect does silica diflbr from other earths 7 
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applied the desigfnation of silicates; and thus glass might be con- 
sidered as a silicate of potassa or soda. 

310. Among the combinations of silicon with the elementary 

substances, may be mentioned those that it forms with chlorine 
and with fluorine. When silicon is heated in chlorige, as when 
a current of that ms is Saade to pass oy#r red-hot silicon in a 
porcelain tube, a mming liquid is obtained of a yelloy colour, 
extremely volatile and irritating, which when exposed to moisture 
becomes decomposed forming muriatic acid and silica. This is the 
chloride of silicon. When potassiufh is heated in the vapour of this 
chloride, it burns, with the production of siliciuret and chloride 
of potassium. ^ ... * 

311. Silicojluorie aeid^ or Jluomde cf silicon^ may be made by 
distilling in a retort three parts of fluor spar and two of powdered 
silica, with an equal weight of sulphuric acid, when a gas will 
bo produced which may be collecteci over mercury. Water must 
be carefully excluded in this operation, therefore the apparatus must 
be made quite dry. Silicofludlic acid is a colourless gas, having 
a pungent smell, mush like that of muriatic aAd, and "a very sour 
taste. It is more than 3^ times the weight bf common air. It 
extinguishes the flame of a taper, and forms white fumes when 
exposed to moisture, being readily absorbed by water; from 
which, however, silica is precipitated, hydrofluoric acid being 
produced. If the beak of a retort from which this gas is issuing 
be plunged beneath water, it soon becomes choked by the abundAit 
deposition of hydrated silica, which sometimes forms tubes 
through the water, by which the gas passes off into the air. 

Silicon likewise unites with sulphur, and with several of the 
metals, especially plalina and iron. 

Phosphorus. 

312. This body being highly inflammable, and consequently 
having a strong aflinity for oxygon, seldom occurs naturally Ex- 
cept in combination with that element, constituting phosphoric 
acid united with some base, in the state of a salt. It is thus 
found in the bones of animals, the denser parts of which consist 
principally of phosphate of lime, or the combination of lime with 
phosphoric acid, and from the decomposition of this earthy salt 
phosphorus is procured. The usual process is to digest a quantity 
of calcined or burnt bones, reduced to^powder, in hsuf their weight 
of strong sulphuric acid. The phosphate of lime is thus decom- 

f »osed, and the phosphoric acid, after being separated from the 
ime, undergoes a further decomposition by being mixed with 
powdered charcoal, and strongly heated in an earthen retort, 

How » silicon made to combine with chlorine? 

How can it be combined with fluorine ? 

Enumerate the properties of fluoride of silicon ? • 

With what metals is silicon capable of combining ? 

In what combination is phosphorus fbund in nature ? 

What is the usual process for procuring phosphorus ? 
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when the charcoal will combine with the oxygen of the acW, and 
the phospiiorus passing over, may be received in a vessel of 
water, under the surface of which the beak of the retort must 
be plunged. The process is troublesome, and requires much atten- 
tion on th^ part of the operator* ^ 

313. Phosphorus tiius obtained is a flesh-coloured, slightly 
transparfnt solid, nearly the consistence of wax; which, on 
account of its inflammability, must be preserved under water. 
If heated in water, it melts at about 110^ Fahrenheit, and boils or 
becomes evaporated at 550°. When exposed to the atmosphere 
at common temperatures, it emits a light smoke, and a peculiar 
odour, resembling that of garlic, giving out in the dark a beauti 
ful pale-green light. In this case it undergoes a slow combustion 
It is soluble in essential oils, and communicates to them the pro 
perty of shining in the dark. In pure nitrogen gas it is not 
luminous, undergoing no alteration at any temperature. But it 
appears that the smallest possible Quantity c»f oxygen will suffice to 
produce some degree of combustiAi ;* for it will burn, or at least 
give out light in^he exhausted receiver oPan air-pump. Phos- 
phorus may be set^on Are by friction at a low temperature, and at 
about 100^ it takes Are, and burns with intense brilliancy, throw- 
ing off abundance of white fumes. 

314. This substance combines wi|h oxygen in different propor- 
tions. Oxide of phosphorus is a white substance with which phos- 
pfiorus becomes covered when kept for some time under water. It 
IS very inAammable, and may be used in making phosphoric 
match-boxes. For this purpose a piece of phosphorus must be 
introduced into a small phial, melted slowly by.applying heat ex- 
ternally, and stirred about^vith a hot iron wire till the inside of 
the bottle becomes coated with the semi-lluid oxide, which is then 

Wluit arc the sensible properties of phosphorus ? 

At what tcmperntiire docs it molt ? At what j)oint does it evaporate ? 

hy what lucchanicnl moans may phnsphorus be ic;nited ? 

Wliat is the iinnio f^iven to the combination of phosphorus with oxygen 
in the lowest pro(H>rtiun ? 

To what useful piirjK)se may this compound be applied ? 

AVliat clfecl is observed on placririg phosphorus in a vacuum ? 

* It appears from tiio experiments of Dr. John Davy and others, that 
“when oxygen gas is rarified. phospliprus sliincs in it: and that when 
condensed it ceases to shine. With an augmented pressure of a column 
of mercury of 10 inches, wheft heated with a spirit-lamp in this gas, it 
emitted no light till it fused ; then it burst into Aamo and burnt explosive- 
ly, and the oxygen was condensed in an instant Compression and 

rarefaction, in the instance of common air, has an effect analogous to that 

mentioned when speaking of oxygen When phosphorus is placed 

on the plate of an nir-]>ump, under a receiver, and the air exhausted, the 
^briahtness of its light in the dark rather increases WMth the exhaustion , 
*'anu in the ncnrlv porfeu't vacuum formed liy a- good pump, its light W'as 
Kot diminished. When the air has been suddenly readmitted, the light has 
been extfbgiiished, and for a few seconds it has ceased to shine.’* — Ohser^ 
vaiitms o$i I'hosphorits, By J. Davy, M. D., F. R. iS., in Jameson’s Journal 
of Science. 
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to be preserved for use, by closing the bottle with a cork. When 
a light is wanted, it is only necessary to dip into the bottle a 
brimstone-match, and on withdrawing it with a small portion of 
the oxide of phosphorus adheringr to its extremity, the sulphur will 
become inflamed, and the match may be used for lighting a taper 
or for any other purpose. • 

315. There is some uncertainty as to the number §f the acid 
combinations of phosphorus and oxygen. Three may be discri- 
minated as containing different* proportions of their constituent 
elements. These are the hypophosphorous, the phosphorous, and 
the phosphoric acids. Tlie relative quantities of phosphorus and 
oxygen in these acids are thus |tated^by Mitscherfich : 

Phosphoric acid = 100 Phosphorus 137.450 Oxygen. 
Phosphorous acid = 100 Phosphorus -j- 76.470 Oxygen. 
Hypophosphorous acid = 100 Phosphorus -p 25.400 Oxygen.* 

^ • 

316. The pJiOftphogous acid is a white, volatile substance, which 
may be obtained by burning phosphorus in a tube, with a relatively 
small portion of air, and at a moderate temperature ; it may then 
be collecdBd in the state of a white powder, which, on exposure 
to the atmosphere, decomposes the water suspended in it, con- 
siderable heat is given ot?t, and it combines with an additional 
portion of oxygen to constitute phosphoric acid. The phosphoiAus 
acid speedily dissolves in water, to which it gives a sour taste, 
and the solution reddens vegetable blues. With various salihable 
bases this acid forms certain salts called phosphites. Both the 
phosphorous and the phosphoric acids combine in definite propor- 
tions with water, forming hydrated acids. 

317. When phosphorus is rapidly inflamed, as in its combus- 
tion in oxygen gas, abundance of white vapours are produced, 
which become condensed into deliquescent flakes, adhering t%the 
interior of the receiver, or falling to the bottom like snow ; this 
substance is the phosphoric acid. This acid may also be obtained 
from the decomposition of atmospheric air by phosphorus. Thus 
if a piece of phosphorus be placed in a watch-glass, upon a plate 
of glass, and covered with a tall receiver, on setting it on lire with 
a red-hot iron it will at first burn rapidly, and then more slowly 
till the oxygen is nearly con^imed. The combustion, however, 
may be renewed by occasionally lifting the receiver slightly, so as 
to introduce fresh supplies of air from time to time, till the phos- 

llow many acid compounds of phosphorus and oxygen are known to 
exist? 

What are the relative proportions of the two ingredients in each 
What are the leading properties of phosphorous acid ? 

In what manner is phosphoric acid formed 7 
How is it obtained in an anhydrous state 7 

* Introduction to Chemistry, voL i. p. 389. 
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phorns is all burnt, and thus will be formed a quantity of anhy- 
drous phosphoric acid, as before, in the form of liakes of snow. 

318. This substance dissolves in water with a hissing noise, and 
the evolution of much heat; and it is also soluble in alcohol. 
Phosphoric acid may likewise be obtained by heating small frag- 
ments of phosphorus in nitric acid. Though phosphoric acid will 
unite readily with water, on heating the solution the greater part 
of the water may be driven off, and if the residue be exposed to a 
low red heat it melts, and on coaling forms a kind of glass, some- 
times called glacial phosphoric acid. The solid acid attracts 
water froincithe air; it has no smell, but an intensely sour taste, 
and becomes volatilized without decomposition at a bright red 
heat. It unites with salifiable bases to produce the salts called 
phosphates, one of which, the phosphate of soda, is used in 
medicine ; and phosphate of lime, or the combination of this acid 
with calcareous earth, constitutes a considerable part of the bones 
of animals, from the decompositiox; . of which, as already stated, 
phosphorus is iisuatuy obtained. 

31J). The hypojilhssphorous acid^ is so named as containing a 
smaller proportion of oxygen than the phosphorous acid. The salts 
formed by this acid are all readily soluble, and highly deliques- 
cent when exposed to the air. 

320. The phosphoric acid is capable of undergoing modifica- 
ticOis, which matorially influence its properties, without causing 
any alteration of the proportions of its constituents. “ If liquid 
phosphoric acid be evaporated, and heated to such a temperature 
as may be judged capable of expelling the chief part of the water, 
it is changed into pyrophqsphorlc acid : and the same change 
takes place when the acid exists in a salt combined with an alkali. 
Although between phosphoric and pyrophosphoric acid there is 
no known difference of composition, the properties of each are 
essentially different. Pyrophosphoric acid produces, with oxide 
of silver, a white salt ; phosphoric acid, a yellow one : the former 
is a less energetic acid, it has less saturating power, and is even 
separated from its combinations by phosphoric acid.”* 

321. This apparent identity of composition occurs in various 
other compounds, constituting the phenomenon which has been 


ITow is phosphoric acid obtaiiT^cd in a glacial state? 

What arc iho chief properties of this acid 7 t 

Jj* what form of combination docs phosphorus exist in animals ? 

What changes may phosphoric acid undergo without changing the pro- 
pertions of its^ constituents r 

What striking difference exists between phosphoric and pyrophosplioric 

■<ii t» 


* Donovbn’s Treatise on Chemistry, in Cabinet Cyclopscdia, p. 221. See 
also Milschcrlich's Introduction to Chemistry, vol. i. pp. 39i — 394 ; and 
J^huston on Chemistry, in Report of British Association for 1832, pp. 457-— 
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termed Isomerism.* Another instance of it will be found in the 
combination of phosphorus with hydrogen, in the existence of two 
oxides and two chlorides of tin, differing in properties, but having 
the same atomic constitution, in some other combinations of oxy- 
gen with metals, and in sc/me of the acids ^th compound radicals. 
Among the numerous carburets of hydrogen, cases o{ a corre- 
sponding mode of union have been noticed, giving rise to what is 
termed Poiymerism;* and there is another kind of relation be- 
tween the combining proportions^f bodies expressed by the term 
Metamerism.* These phenomena have so much similitude, that 
ibeir origin may with probability be referred to a comfnon cause ; 
but the subject, which is high]|^ int^esting, requires further in- 
vestigation. 

3^22. Phosphorus combines with chlorine in two proportions. 
Protochloride of phoapharua may be obtained by distilling phos- 
phorus mixed with corrosive sublimate, or perchloride of mercury, 
when calomel, or profoch1orid#of mercury will be formed by the 
decomposition of thc^ sublimate, and the portibn of its chlorine, 
which is thus set free, will immediately comlffne with the phos- 

f ihorus. Protochloride of phosphorus when first obtained, is a 
inuid of a reddish colour, holding some phosphorus in solution, 
which it deposits on standing. It then becomes transparent and 
colourless. Its specific gravity is 1.45. It has a suffocating smell, 
and gives off acid fumes when exposed to the air, owing to ns 
absorbing water, which it readily decomposes, the hydrogen of the 
water combining with chlorine to form muriatic acid, and the oxy- 
gen with the phosphorus to form phosphorous acid. Its vapour is 
combustible ; and when in a dry state, ^t does not affect the colour 
of vegetable blues. 

To what phenomenon is the term Isomerism applied ? 

What is meant by Polyinerism 7 — Metamerism ? 

What two com[)OutidB are formed l)y phosphorus and chlorine? 

Describe the process of obtaining the protochloride of phosphorus? 

What arc its pro}>erties ? 

* Isomerism is a term derived from the Greek ’'Ivor, emial, and Mfpor, 
a pari ; Polymerism from HoX^r, manif^ and M^por; and Metamerism from 
MtrA, accorains to, and Mepoy. The following explanation of these terms 
is given by Mr Jolinston : ** Isom^ic bodies are those which contain the 
same absolute and relative number of atoms of the same elements, and 
have consequently the same atomic weight; Polymeric are those which 
ci>iitain the same relative, but not the same absolute number of atoms of 
the same elements, and whose atomic weights are consequently unlike. 
Metameric are those which, while they contain the same absolute and the 
same relative number of atoms of the same elements, yet constitute sub- 
stances belonging to an entirely different class of bodies, or a dififerent or- 
der of chemical compounds.” — Reports of the British Association for 18i2, 
pp. 435, 436. 

Isomorphism, (from the Greek ''Ivor, and Mop^f^, figure, or shap^) oorre- 
spoiidencc of form between bodies composed of different elements, refers 
to another class of chemical phenomena, brought to light through the re- 
searches of men science. It occurs in crystalline bodies, and will be fur- 
ther noticed in the Treatise on Mineralogy. • 
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323. Perchhride of phosph&rua. — When phosphorus is intro- 
duced into chlorine gas, it takes fire spontaneously, burning with 
a pale flame, and the product is a white pulverulent substance, 
which condenses on the sides of the vessel. It is volatile at 
temperatures under 212^, but if heated under pressure, it fuses 
and becomes crystallized on cooling. It acts violently on water, 
double decomposition taking place, and hydrochloric or muriatic 
acid, and phosphoric acid being produced. 

324. Phosphorus very readily combines with iodine, for when 
these substances are mixed in an exhausted vessel, great heat is 
evolved buhno light, and the result is a reddish or orange-coloured 
compound, the iodide of phosphorous ^ which powerfully decomposes 
water. Periodide of phospttorxia is a black compound, which may 
he formed by heating together its constituent parts, and like the 
preceding it decomposes water. 

325. According to M. Dalard, phosphorus combines with bro- 
mine in two proportions, but thctcompouflds thus formed have 
been but slightly ex amined. 

326. Phosphorui^ combines with hydrogen to form two com- 
pounds. The former of these, called phosphuretted hydrogen^ may 
be readily procured by heating phosphorus in a solution of caustic 
potash. 



027. This combination may be formed by means of the apparatus 
represented in the preceding figure. Let about a quarter of an 
ounce of phosphorus be introduced Into the small retort, A, which 
is to be tilled up to its neck with the solution of caustic potash, 
and the lower end of the retort is to be dipped under water in the 
trough B ; then, on heating the retort gradually with a lamp, gas 
will be generated, which will rise from the end of the tube, through 
the water, in bubbles, and these on* coming in contact with the air 
will inflame with a slight ‘explosion. When the atmosphere is 
still, each bubble as it bursts produces an expanding ring of dense 
vapour, resulting frdm the sudden formation of phosphoric acid and 
water. Some care is necessary in the conduct of this experiment, 
so as to include as small a portion of air as possible in the retort, 

itow is pcrchlorido of phosphorus procured ? 

Ifow inaiiy niid what compounds does it ibrm with iodine ? 

How many compounds docs it make with hydrogen f 

How is phosphuretted hydrogen obtained ? 

What peculiar phenomenon attends the rising of bubbles of this gas into 
the opon air ^ 
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since the first bubbles of pliosphuretted hydrogen ^ that ere 
formed will, as soon as they come in contact with the air in, the: 
retort, take fire, and the retort may be broken by the percussioB*^ 
328. This gas may also be procured by dropping small pieces 
of the compound called phosphuret of liMe, into muriatic acid, 
largely diluted with water, and the gas rising as before# will take 
fire on coming in contact with the air* The same compound may be 
obtained by heating in close vessels solid hydrated phosphoric acid ; 
and the gas produced by this or efther of the preceding operations, 
may be preserved by suffering it to pass into an inverted jar filled 
with water, when it will rise to the top, and gradually displace 
that liquid. ' Pliosphuretted hyUrogeti is a colourless gas, with 
a nauseous smell, like onions or asafestida, and a very bitter taste. 
It loses its inflammable property by being kept over water, which 
absorbs about two per cent, of the gas, and thus acquires its cha- 
racteristic taste and odour. It burns with great splendour in oxy- 
gon gas, in chlorine v/ith a beautiful pale bli^ light, and it also 
burns in nitrous oxid^. ^ 

The gas which has been styled hthydrof^uret of phosphorus^ 
or hydrophosp boric gas, may be obtained by heating the solid 
hydrated phosphoric acid, in a small retort, and collecting the pro- 
duct over mercury. It is cokmrless, and resembles the preceding 
compound in taste and smell, but is less disagreeable. Though 
it docs not inflame spontaneously in atmospheric air, it explodes 
when heated to 300°, and more readily when heated in oxygen 
gas ; it also takes fire spontaneously in chlorine. Professor 
Henry Rose has ascertained that this and the preceding are iso- 
meric bodies ; so that thore are two kinds of phosphuretted hy- 
drogen, one which inflames spontaneously in atmospheric air, and 
another which is relatively non-inflammable, both consisting of one 
volume of phosphorus in vapour, and throe volumes of hydrogpn 
gas, condensed to the bulk of two volumes. 

330. The combination of phosphorus w'ith carbon was first 
effected by M. Proust, Phosphuret of carbon may be obtained 
from phosphuret of lime, by suffering it to remain in water till it 
gives out no more gas; a considerable excess of muriatic acid is 
then to be added to the liquid, and after agitating it a few moments 
it must be thrown on a filter, and the substance which remains on 
it is to be washed and dried. It seems from this process that 
carbon is contained in phosphuret of lime, as usually prepared, 
and it is also procured in the process for making phosphorus. 
Phosphuret of carbon is a soft powder, of a dull lemon colour, 
destitute of taste or smell, which when exposed to air absorbs 

How is the pliosphuretted hydroe^en obtained from phosphuret of lintef ' 
How is the innammability of this gas destroyed t , 

IFow is hydrophosphoric acid pmeured ? 

What are its sensible properties? 

What chemical charactcriHtics does it present? 

What is the proportion of phosphorus and hydrogen in their two itopierio 
coiiipriunds ? What is the process fc»r procuring phosphuret of carbon? 

1.2 
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water, which it decomposes, becoming converted into phosphoras 
acid.- Exposed to a red heat it burns, and gradually gives out its 
pbecphorus, the charcoal remaining behind in the form of a black 
substance, crated with phosphoric acid, which prevents its com-* 
plete combustion. Whm the powdered phosphuret is thrown over 
the fire inomall quantities, it forms beautiful scintillations. 

Sul/j/iur, 

331. This substance is well known, as being of common oc- 
currence, and employed in medicine and the arts for a variety of 
purposes. It is often found in f-volcanic districts, among the 
matter discharged from the craters of burning mountains, and in 
several states of combination it forms a constituent of numerous 
minerals. Flowers of sulphur and roll sulphur differ only as to their 
state of aggregation. The latter exhibits a prystalline structure, 
espe.cially if melted, and suffered to^ool slowly. Though sulphur 
may be considered &s an insipid and almost ir.odorous body, it ex- 
hales a peculiar smell when heated or exposed to friction. Heat and 
friction also render it highly electric, and, like sealing-wax, it is a 
non-conductor of electricity. When raised to the temperature of 
about 180^ Fahrenheit, it sublimes, strongly exhibiting its charac- 
ter's tic odour ; at about 220^ it becomes fused, and it the heat is 
increased and continued, it forms a viscid semi-solid mass, which, 
when poured into warm water, assumes the consistency of soft 
wax, exliibiting a red tint ; and in this plastic state, it is used for 
taking impressions of coins, medals, or sculptured gems, as it 
becomes cjiiito hard on coding. Sublimed sulphur, (flowers of 
sulphur,) when examined by a microscope, is found to consist of 
minute crystals. 

332. Sulphur is well known to be highly inflammable, com- 
binflig with the oxygen of atmospheric air, even at the tempera- 
ture of 190°; though it then burns but slowly, with a faint blue 
light; but at 300° its combustion goes on rapidly, with the 
evolution of much light and heat. In oxygen gas it burns brightly, 
producing a large lilac-tinted flame. It combines with oxygen m 
four different proportions, to form definite compounds, all of which 
are acids, whose relative composition will appear from tlie follow- 
ing table : 

Sulphuric acid = 100 Sulphur + 149.136 Oxygen* 

Hyposulphuric acid = 100 Sulphur + 124.280 Oxygen. 
Sulphurous acid = 100 Sulphur 4* 99.420 Oxygen. 

Hyposulphurus acid = 100 Sulphur + 49.710 Oxygen. 

In what forms does sulphur occur in nature ? 

Whni ia the difibrecfe between the tivo forms in which it is met with 
in coiiiinerce 7 

Does this substance necessarily pass through the liquid state in changing 
from a solid to a vapour? 

In how many proportiona does sulphur combine with oxygen? 

What are the respective products of these combinations ? 
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333. SulphuTouB oetd,— This is a ofaseous compound , which may 
be obtained by the direct union of its constituents, when sulphur 
is burnt in atmospheric air, perfectly free from moisture, or in 
oxygen gas. It may also be procured by boiling 4wo parts of 
mercury in three of sulphuric acid ; or heating together, in a 
small glass retort, equal parts of powdered black oxid^of manga-i 
nose and flowers of sulphur. In the former of these processes, the 
mercury partially decomposes the sulphuric acid, becoming oxi- 
dated by uniting with a portioif of its oxygen, and sulphurous 
acid gas is thus formed. In the latter case, the sulphur attracts 
from the metallic peroxide a part of its oxygen, and^he gaseous 
acid is produced as before. 

334. I'his gas must be collected and preserved over mercury, 
as water absorbs more than thirty times its volume of it. It com- 
municates to water the odour of burning brimstone, and an astrin- 
gent acid taste. At^rst the solution bleaches vegetable colours, 
but after being kept some tiAe, it changes ^luo colours to red. 
The gas equally effdbes colours, and it is thci^fore used in bleach- 
ing silk, cotton, straw, and other substances. It has likewise the 
property of chocking vinous fermentation, and it is hcncc occasion- 
ally employed in the processes of brewing and mixing wines. This 
gas is not inflammable, ex4inguisbing burning bodies which are 
plunged into it; hence when the soot is on Are in a foul chimq^y, 
if it be filled with the fumes of sulphurous acid, by heating sul- 
phur below on an iron plate, the Are will be put out, as the soot 
cannot burn in an atmosphere of this gas. It is speedily destruc- 
tive to animals confined in it. 

335. Sulphurous acid may be condensed to the liquid state, by 
exposure to pressure r<|nal to the weight of two atmospheres, at 
the lemperaUirc of 45*^, and by means of intense cold, independent 
of pressure. In this form the specific gravity has been estimated 
at 1.45, and it boils at 14®, inducing the speedy congelation of 
liquids in contact with it by its rapid evaporation. 

33(5. Sulphuric acid . — ^The quantity of oxygen contained in this 
acid is just half as much again as that in the preceding compound, 
and therefore sulphuric acid may be produced by combining sul- 
phurous acid with an additional portion of oxygen. The acid 
gas will not unite with oxygeti when simply mixed with it, with- 
out the intervention of some other bsdy ; but if water be present 
the combination may be effected. Thus when oxygen gas is 
inclosed in an inverted jar over an aqueous solution of sulphurous 
acid the oxygen will be slowly absorbed, and sulphuric acid may 
be thus obtained, largely diluted with water, a considerable por- 
tion of which may he expelled by evaporation. 

337. This acid is used for numerous purposes, and is tflere- 

Ilow iff sulphurous acid obtained ? 

What chomicnl etieorjii does it produce ? 

How is the extinction of fire in chimneys by throwing sulphur into the 
fire to be accounted for ? , 

In how many ways may sulphurous acid be condensed into a liquid ? 
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fore manufactured on an extensive scale, the process generdly 
adopted being founded on the same principle with that just 
de|M(tibed. It consists essentially in burning a mixture of about 
parts sulphur- and one of nitre, (nitrate of potash,) in a 
close chamber lined wi^ lead, and containing 'water. Here sul- 
phurous a^d is first formed from the combustion of the sulphur, 
and the partial decomposition of the nitrate of potash furnishes 
the additional quantity of oxygen, to form sulphuric acid, when 
tiie products of the combustion ifome in contact with the water. 
The acid thus procured is afterwards concentrated by boiling, and 
purified by distillation. 

338. Another method of obtaining this acid is from the decom- 
position of sulphate of iron, or the compound of sulphuric 
acid and oxide of iron, when distilled from earthen retorts in a 
reverberatory furnace. The salt used in this operation being 
called green vitriol, or martial vitriol, the acij winch it produced 
received the name of oil of vitriol, ^vith reference to its consist- 
ence and general amearance. This acid emits whitish or gray 
vapours when exposed to the air, and if it be distilled with a gentle 
heat, and the receiver kept cool with snow or pounded ice, a 
transparent colourless vapour will pass over, and become con- 
densed into a crystalline solid, resembling fibres of asbestos, 
whkdi is the pure acid. 

sGu. Tlie anhydrous acid, thus prepared, is so extremely vola- 
tile, that it rises in fumes at a low temperature, and greedily 
attracts moisture from the air. liiquid sulphuric acid consists of 
81. G3 parts by weight of the pure or anhydrous acid, and 18.37 of 
water. It then forms the oilr fluid already described, which has 
the specific gravity of 1.85, which boils at 600®, and freezes at 
15®, undergoing in the solid state a considerable amount of con- 
traction. It readily absorbs moisture from the air, whence its 
appl^ation in many processes for the purpose of obtaining gases 
free from aqueous vapour. When mingled with a moderate 
quantity of water, it produces a high degree of heat. The con- 
centrated acid acts as a caustic when applied to the skin, and it 
blackens and corrodes both animal and vegetable substances. 
According to Dr. Ure, the solid or anhydrous sulphuric acid, if 
dropped on paper, will burn holes it as readily as a red-hot 
iron, and when dropped into water it hisses as if a red-hot coal 
had been thrown into it : at the temperature of 64® it dissolves 
into a thin liquid. 

340. llyposulphuroua acid maj be formed by digesting filings 
of iron in water impregnated with sulphurous acid gas, which Is 
partially decomposed, forming oxygen and hyposulphurous acid ; 
t!..3 ottygen combines with the metal to form oxide of iron, which 
• 

In whnt nannor may sulphurous bo ronvorted into sulphuric acid ? 

How is this acid niaiiiifacturod iur tho purposes of the arts ? 

How is the pure acid obtained ? 

What aro tho properties of the anhydrous sulphuric acid ? 

liow hiay the hyimsulphuroua acid bo furniod ? 
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unites with the acid, and the result is the salt called hyposul- 
phite of iron, remaining in solution in the water. Various com- 
pounds of this acid with bases may be obtained by other processes ; 
but it seems questionable whether it can be procured in an un- 
combined state. Dr. Thomson announced the production of an 
acid of sulphur containing a larger propdl^tion of oxygen than 
the preceding, but less than any of the others, (its (^mbining 
quantity of oxygen being a mean between the hyposulphurous 
and the sulphurous acids,) to which he gave the appellation of 
subsulphurous acid. But from an analysis of hyposulphite of 
barytes, and other experiments of Professor Rose, it qppears that 
this acid consists of the same coft^tituents as the hyposulphurous, 
and in the same proportions, but eacTi atom contains double the 
number of atoms of sulphur and of oxygen. It is, therefore, an 
example of a polymeric compound. 

341. Hyposulphuric acid, — When sulphurous acid gas is passed 
through water in whicR the povider of black oxide of manganese is 
kept suspended by agitation, the metallic oxidei)ecomes partly de- 
composed, and the oxygen which it gives out^combines with the 
sulphurous acid in two proportions, forming sulphuric and hypo- 
sulphuric acid. Both these acids will unite with the oxide of 
manganese, and to obtain thg hyposulphuric separate, solution of 
barytes must be added, ivhich will decompose the metallic salts, 
forming a soluble hyposulphate, while the other ingredients w4il 
be precipitated. The hyposulphate of barytes is then to be de- 
composed by means of sulphuric acid, and the hyposulphuric acid 
thus obtained may be concentrated by placing it under the ex- 
hausted receiver of an air-pump, willful phnric acid. The acid 
which may thus be raised to the specific gravity of 1.347, is an 
inodorous liquid which reddens litmus paper. It forms soluble 
salts not only with barytes, but likewise with lime, strontia, and 
protoxide of lead ; thus essentially differing from the sulphvic 
acid. 

342. Sulphur does not apparently combine with nitrogen, but 
with hydrogen it forms two compounds, both which, like acids, 
unite witli the alkaline and other bases to form a kind of salts. 
That which contains the smaller proportion of sulphur, has been 
called sulphuretted hydrogen^ and sometimes hydrosulphuric^ or 
hydrothio7iic* acid. It may be formed indirectly by pouring sul- 
phuric acid, diluted, on combinations bf iron or other metals with 
sulphur. It is a colourless transparent gas, readily absorbed by 
water, and has a very offensive smell, similtfr to that observable 
in putrid eggs, or in the washings of a foul gun-barrel ; the peculiar 

How the hyposulphuric ? 

What are tlie chemical properties of this acid which distinguish it €:oir» 
the sulphuric ? , . 

How many compounds are produced between hydrogen and sulphur ! 

How is hydrosulphuric acid obtained ? 

What are its sensible and what its chemical properties ? 


* From the Greek *'YJck>p, water, and Btiov, sulphur. 
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'odoor in these and other cases of its occurence, depending on the 
presence of this gas. Hydrosulphuric acid appears to be com- 

I iosed of 100 parts by weight of sitlphtir, and G.184 of hydrogen. 

t reddens litmus paper, and combines with many of the salifiable 
bases, forming a class of salts called hydrosulphates, which are 
decomposed by all the oxygen acids except the carbonic. 

343. Hydrosulphuric acid gas is inflammable, burning when 
mixed with common air or oxygen, but it extinguishes other burn- 
ing bodies immersed in it. It tarnishes quicksilver, gold, and 
mercury, and blackens white oxide of lead, (ceruse,) or that of 
bismuth. 

One pf the modes in which this pro- 
perty of reducing the oxides of metal pos- 
sessed hy hydrosulphuric acid may be ex- 
hibited, IS shown in the annexed figure. 
The figure is to be drawn on a large scale 
in acetate*, of lead,^hich, until acted on 
by the acid, will remain colourless, but 
when a stream of the gas, also invisible, 
is allowed to fall upon the still moist sur- 
face, the lines traced instantly become 
black. The oxide of lead, one of the in- 
gredients ofYhe acetate of lead, yields its 
oxygen to the hydrogen of the hydrosul- 
phuric acid, while the lead itself combines with the sulphur of the 
gas to form sulphuret of lead, the black colour of which constitutes 
the visible lines of the picture.* 

344. It is highly noxious to animal life when respired, and it 
has been said that a horse has been known to perish in air con- 
taining only part of this gas. It is, however, sometimes em- 
ployed medicinally, when largely combined with water, being 
us^ in this state for bathing, and taken internally. Many mineral 
springs derive their sensime qualities from the hydrosulphuric 
gas with which they are impregnated. 

345. Bisulphuret of hpdrogen^ or supcr^sulpJiurelicd hydrogen^ 
called also hydroaulphurous acid^ is a compound containing a 
larger portion of sulphur than the former. It is a yellow, oily 
licpiid, heavier than water, greatly resembling in its smell and 
taste the solution of sulphuretted hydrogen. 

34G. Sulphur unites with chlorine to form a volatile liquid, 
which exhibits a red colour when viewed by reflected light, and a 
greenish-yellow tint4iy transmitted light. This compound called 

What are the proportions of its ingredients ? 
l^piv may its action on a salt of lead be produced ? 

Describe the sympathetic; picture. 

What arc the efIbcU'.or this acid on animal life ? 

In what'bntiiral situations docs this gas occur ? 

* The figure has been derived from Dr. Hare, who, in his Compendium, 
calls it, the sympathetic picture. 
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chloride of sulphur may be formed by passing a current of chlorine 
through flowers of sulphur, or by heating the latter in dry chlorine 
CTS. It has a strong peculiar smell, and a hot acid taste; but it 
does not affect vegetable blue colours unless water bo present, 
which decomposes it. It is also decomposed by man()r other sub- 
stances ; but it readily dissolves sulphui^and phosphorus, and 
holds them in solution. It decomposes ammonia, and^likewise 
alcohol and ether, and is decomposed by mercury, heat being 
given out, sulphur deposited, ancUchloride of mercury formed. 

317. Sulphur combines with iodine when they are exposed to- 
gether to a gentle heat, and the product is a black crystal] izable 
substance named iodide of sulphtt^. It becomes decomposed by a 
degree of heat not much beyond thaf required for its formation, 
the iodine in this case being driven off in the form of vapour. 

318 . Bromide (f futlp/tur is produced when bromine and sulphur 
are digested together. This compound is a red liquid, fuming when 
exposed to air, wliicB scarcely acts on paper tinged with litmus, 
unless moisture be f^csent, when it change^the blue colour to 
red. It acts violently on water at the boiling-point, sulphuretted 
hydrogen being given out, and hydrobromic and sulphuric acids 
formed. 

349. Sulphuret of carbon may be obtained by passing the vapour 
of sulphur through a porcePain tube, containing small pieces of 
charcoal, quite free from moisture, and made red-hot, placing tile 
tube somewhat inclined across a chafing-dish, or by distilling 
about six parts of yellow iron pyrites (bisulphuret of iron) with 
one of charcoal; and the product in either case may be suffered to 
fall from the lower end of the tube into^ jar of water, the tube dip- 
ping beneath its surface. The siilphuret of carbon passing over 
in a state of vapour, will be condensed by the water to a liquid, 
which may be purified by redistillation, at a low temperature, over 
chloride of calcium (muriate of lime.) The compound thus 4 ^b- 
tained is a colourless, transparent fluid, with a pungent and som^ 
what aromatic taste, but a most nauseous and fetid smell. It is 
highly volatile, boils at a temperature of about lOG®, and has 
never yet been congealed by artificial cold. Its specific gravity 
is 1.272. From its extreme volatility it has been employed with 
advantage to produce a very low temporalure by evaporation. 

350. If the bulb of a thermdWieter be covered with lint wetted 
with this liquid, the mercury will siffk rapidly from 60® to zero 
of Fahrenheit ; and under the exhausted receiver of an air-pump, 
the temperature may be reduced even to 80® below zero, so that 

ITf)W is chloride of sulphur obtained f 

ITovv docs sulphur react with iodine? 

Wtiat arc the properties of the resulting compound ? 

Wliat are ihe properties and eifects of bromide ofasulphiir 7 ' 

How is sulphiiret of carbon procured ? 

In what state is the sulphuret of carbon obtained f 

What are its chemical properticMi ? 

For what purpose has it been employed ? 
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mercury may by this means be readily congealed. Sulphuret of 
carbon is not soluble in ivatcr, but mixes with alcohol and ether, 
and also with oils ; and it dissolves sulphur, phosphorus, and 
• camphor. It is inflammable, taking firo in the air at a low tem- 
perature, aTid burning with a blue flame; and its combustion in 
oxygen gas produce^snlphurous and carbonic acids. 

351. Sulphuret of phosphorus. — Sulphur unites with phosphorus, 
when it is added in small quantities to phosphorus melted in water 
at a temperature of about 150^. It may be also formed by fusing 
together those indammable bodies in an exhausted vessel. The 
coinpoundcis a reddish-brown crystallizable substance, which be- 
comes fluid at about 40^. It does not readily decompose water, 
but it is more inflammable 'than phosphorus, and may be used like 
the oxide of phosphorus for lighting matches. 

Selenium. 

352. This is a ?are and singular substance, discovered within 
the last twenty years, by Professor Berzelius, while examining 
sulphuric acid, manufactured from pyrites (sulphuret of iron) pro- 
cured at Fahlun, in Sweden. Selenium, like sulphur, is capable 
of subsisting under the solid, liquid, or gaseous form; being a 
solid at coniinon temperatures, anS at the heat of above 100^ 
l>t^coming liquid. It was observed, that the sulphuric acid ob- 
tained from the pyrites of Fahlun, deposited a reddish matter, 
which in burning gave out a particular smell, and which consisted 
principally of sulphur, having, however, mixed with it a very 
minute quantity of sclenipm. This substance has been since 
found in several of the metallic ores from the Hartz mines, and 
among some of the volcanic products of the Lipari Islands ; and in 
England, in the pyrites of the Isle of Anglesey. 

^353. The processes for obtaining it in a pure state are laborious 
and difficult, when it is necessary to separate it from the substances 
with which it is naturally found in combination ; but it may be 
most readily procured by decomposing one of its compounds with 
oxygen (selenic acid.) Selenium in the state of powder has a 
deep red colour. Its particles, when compressed, unite ; and when 
warm it is very ductile, and may be drawn out into fine threads, 
the colour of which is red if vieii’cd by transmitted, and gray by 
reilccted li^ht. It boils a\-a temperature of about 600°, and is 
converted into a yellow vapour, forming, when condensed, dark 
drops, which run together like quicksilver; and when heated in 
large vessels, or in tiie open air, it forms a sublimate like fiowers 

T;n what liquids may it be dissolved ? 

What are iho products of its combustion? 

By wl^at means may sulphur bo made to unite with phosphorus ? 

When and by whom was selenium discovered ? 

For what purpose may this compound be employed in the arts? 

In what situation has this substance been found in nature? 

What 18 the colour of selenium ? 
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of sulphur, but of a red colour. When heated in the flame of a 
candle by a stream of air from a blowpipe, it yields a peculiar strong 
smell, resembling that of horseradish. It presents some analogies 
with sulphur, but is about double the specific gravity of that sub- 
stance, and is a non-electric, whence some chemisttf have been 
disposed to reckon it among the metals. If differs from bodies of 
that kind, however, in being a non-conductor of electricity, and a 
very imperfect conductor of heat. 

354. With oxygen selenium foyns at least two compounds, one 
called selenious acid and the other selenic acid. 

Selenious aricf.— When a current of oxygen gas is gassed over 
selenium heated to its boiling-n^int, it burns with a pale blue- 
green flame, and this acid sublimes,* and may be condensed if 
received in a cold vessel, forming long, brilliant, prismatic 
crystals. It has a hot, sour taste, ana a sharp odour. It dissolves 
in warm water, and also in alcohol. It forms precipitates in the 
solutions of silver andfof lead, %nd combines in various proportions 
with several salifiable bases. 

355. Selenic acid may be obtained by dissciving one part of 
selenium in three or four parts of pure nitric acid, and the mixture 
being boiled, the selenium will decompose the nitric acid, and a 
solution of selenic acid will be formed, which may be evaporated 
to dryness in a porcelain capsule ; or if the solution be only con- 
centrated, the acid will crystallize in hexaedral prisms. Selenic 
acid has no smell, but a strong sour taste. It powerfully attracts 
water, and gives out much heat when mixed with it. It reddens 
vegetable blues, and when exposed to heat it becomes volatilized 
without decomposition. When it is boiled with muriatic acid, 
selenious acid and chlorine arc evolved, and the selenio-muriatic 
acid which is formed dissolves gold in the same manner with 
the nitro-muriatic. Zinc and iron are dissolved by this acid, while 
hydrogen is given off ; and copper dissolves with the produc^pn 
of selenious acid. It likewise dissolves gold, but not platina. 
The afliiiity of selenic acid for the salifiable bases appears to be 
little inferior to that of sulphuric acid ; but the compounds it forms 
with them rec^uire further examination. 

356. Selenium forms two compounds with chlorine. Protochlo^ 
ride of selenium^ which may be obtained by passing chlorine gas 
over selenium, is a brown liqifid, heavier than water ; and when 
exposed to the action of water, deccEnposition takes place, and 
muriatic and selenious acids are formed. The protochloride may be 
changed, by the addition of chlorine, into perchloride, which is 

How is it effected by hent ? 

How does it compare with sulphur in specific gravity T 
How many compounds docs it form with oxygen 7 
What are the peculiar properties of selenious acid 7 
How is selenic acid obtained 7 ^ • 

What chemical effects does this acid exhibit 7 
With what metals does it enter into combination 7 
How many compounds does selenium form with chlorine 7 
What is the character and composition of the protochloride ? 
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a white, solid, crystallizable substance, forming with water a 
colourless sour solution. 

357. Selenium likewise combines with hydrogen, forming a 
gaseous compound termed hydroselenie acid^ or seleniuretted hy» 
arogen. It may be most readily obtained by dissolving seleniuret 
of iron in muriatic acid. The compound dissolves in water, and 
the solufion, which gradually acquires a reddish tint, has some- 
what the smell and taste of sulphuretted hydrogen : it reddens 
litmus paper, and communicates a brown tint to the skin. Hy- 
droselenic acid is readily dedomposed by the combined action 
of air and water ; and it is therefore absorbed by moist substances, 
to which it gives a red colour. A thin mass of caoutchouc may 
thus be stained red thronghottt its substance. This gas acts 
most injuriously on the mucous membranes; and therefore the 
eyes, nose, and trachea, should be carefully guarded against its 
reception, while making experiments on it, as its operation is 
not only painfully stimulating, but might also be productive of 
serious mischief. 


METALLIC ELEMENTS. 

358. The metals form in some respects a heterogeneous collec- 
tion of substances : among them are to be found the heaviest 
bodies with which we are acquainted, gold and platina; while, on 
the contrary, potassium and sodium are inferior in specific gravity 
to water; gold, silver, plntina, and palladium, are in the highest 
degree malleable and ductile ; but antimony, cobalt, manganese, 
and arsenic, with some others, are so brittle that they may be 
reduced to powder by percussion. The metals also differ greatly 
one from another in liardness, colour, and capacity for yielding 
sound ; and though they are all conductors of heat and electricity, 
they vary as to their relative power of conduction. Mercury, as 
is-well known, is at the common temperature of the atmosphere a 
liquid, and it requires a degree of cold far below that of freezing 
water to hmIuco it to the solid state: platina has the opposite 
))roperty of remaining solid when exposed to the utmost heat of a 
smelting furnace, though it may be fused by the flame of an oxy- 
hydrogeii blowpipe, or by means of a Voltaic battery. 

359. Other metals display intermediate degrees of fusibility; 

thus potassium and sodium melt at temperatures below that of 
boiling water, tin becomes fused at 442^ Fahrenheit, bismuth at 
497^, and lead at and an alloy composed of these three 

metals in certain proportions, dissolves at the boiling-point of 
water. It appears probable that silver melts at 2194^, gold at 

Whftt compound may selenium produce with hydrogen? 

, flow is >1 ohliiined, and what are its cdiarartersr 

WhaKilZi^cts does^t proikice on the animal system? 

What diversities in character are found among the metals? 

What arc some of the striking diversities in the melting points of difiler- 
ent metals ? 
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2590^9 copper at 2842^, cast iron at 3080^, andy according to MM. 
Clement and Desormes, soft or pure iron at 3945^,* but these 
last estimates are rendered somewhat questionable by the didicuity 
of measuring the temperature of intensely heated bodies. 

360. As to their decidedly chemical propertiesy th«k metals ex*- 
hibit much diversity. All of them are capable of entering into 
combination with oxygen, chlorine, and sulphur; bu^in their 
respective modes of action, and the results of their several affini- 
ties for those bodies, they manifest as much contrariety as with 
regard to their physical propertied. 

361. Some metals have so strong an attraction for oxygen that 
they decompose water at all temperatures, and becocfle oxidated 
by mere exposure to atmospherfb air^as is the case with potas- 
sium, sodium, and calcium ; others decompose water but slowly, 
except at a red heat, as manganese, zinc, and iron. There are 


With what bodies do all tho metals combine ? 

What circumstances vary in thdir rcspeclivo mod^s of combining? 

* The melting points of silver, copper, and cast ir#n, are given from ex- 
periments with the steam pyrometer. For other temperatures, see Scientific 
Class Book, |)t. i. p. 29U, in which Mr. Daniell’s first determinations are 
given. Ills more recent experiments were, we conceive, liable to objection 
from tho imperfect exposure of^his pyrometer to the melted mass. 1^ 
those experiments, however, he has given the melting point of silver 1873 , 
instead of 2233^, as at first published ; while Mr. Frinsep, by means oiba 
gold bulb air thermometer, obtained (ns he supposed) from a mean of 8 ex- 
periments, the temperature of 1825^ fbr the melting point of silver, but the 
increasing rate of expansion in his gold bulb could not bo correctly allowed 
ibr, and he moreover applies an erroneous priiici]>le to calculate the tem- 
perature of the expanded air ; the latter be corrected. Then one of 
his experiments, his 25th, which ho terms a ** silver melting-heat,*’ gives 
2155^. The highest of Mr. Prinsep’a 8 experiments on which he relies, 
gives, according to his method of calculating, 1958°, and the lowest 1718°; 
while of three others which ho rejects, without, it is believed, assigning 
any adequate cause fbr the discrepancy, the highest gave 2358^ and #ho 
lowest 2101^. Tho number assigned in the text os the molting point of 
silver, is the mean of fbiir consecutive experiments, carefully made with the 
steam-pvrometer, Aug. 26. 1834, tho highest result being 2293, and tlie 
lowest 2140 degrees. 

Hence it appears that the difference between Mr. Daniell’s first 

and his second determination is 360 

Between Mr. Prinsep’s, in his adopted series, it is 240^ 

In his Tweeted series itself . . . . 254*^ 

Between his very highest and very lowoBt 640^ , 

In the series with the steam pyrometer above referred to 153°^ 

In a series of three experiments rejected 112" I 

In all those obtained by the same instrument including the re- f 

jected 296" J 

Bringing together the determinations. 

The first of Mr. Daniell’s is 2233" 

Mr. Prinsep’s 25th experiment, rightly calculated, but without * 

allowance ibr the expansion of gold 2155" , 

Mean of 4 experiments with steam pyrometer .• 2194" 

Mean of these 3 sets 2194" 

Ed. 
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seTeiRl others, including arsenic, bismuth, copper, and cobalt, 
'which are incapable of decomposing water at any temperature, 
but they absorb oxygen from the air when strongly heated. Mer- 
cury, lead, nickel, and osmium, do not decompose water, but be- 
come oxidatnd at certain temperatures ; and when their oxides are 
more intensely heated/>they are partially or wholly reduced to^e 
metallic sAate. And there is yet another class of metals, which 
neither abstract oxygen from air or water at any temperature, as 
platina, gold, silver, and palladium ; and which, when their oxi- 
dation has been effected indirectly by means of certain acids, are 
reduced to the metallic state at a heat below redness. 

362. The‘*method of classiAcation proposed by Professor Ber- 
zelius, drawn from the eleciro-nbgative and electro-positive pro- 
perties of the metals respectively, when it becomes completely de- 
veloped, will present the greatest advantages ; and it has already 
been applied to the arrangement of native mineral compounds 
with great success, contributing mi^ch to the elucidation of their 
nature, and their relations to various other bodies. 

363. Connected with this distinction of fhe metals into those 
which are electro-negative and those which are electro-positive, 
is that which may be deduced from the character of their com- 
pounds. The electro-negative metallic bodies, arsenic, tellurium, 
vanadium, and others, when united wdth a relatively large propor- 
tien of oxygen, constitute bodies which display the general pro- 
perties of acids, forming sur-compounds, (salts,) with metallic 
oxides. Among the electro-positive metals, are those whose com- 
liinaiions with oxygen most decidedly act the part of bases in the 
formation of salts. Hence all the metals now known may be 
distributed into three classes: 1. Those which form acids with 
oxygen, namely, arsenic, antimony, columbium, titanium, chrome, 
molybdenum tellurium, tungsten, vanadium, uranium, manga- 
nese, cobalt, and tin. 2. The metallic bases of the alkalies and 
earths, potassium, sodium, lithium, baryum, calcium, strontium, 
magnesium, aluminum, zirconium, glucinum, yttrium or ittrium, 
and thorium. 3. Those metals whose combinations with oxygen 
are not regarded as acids, alkalies, or earths, namely, iron, nickel, 
zinc, cadmium, cerium, lead, copper, bismuth, mercury, silver, 
gold, platina, palladium, rhodium, iridium, and osmium. 

364. This is to bo considered as only a urovisional arrangement, 
admitting of alteration to suit it to the future progress of disco- 
very. Some of the metals of the third class, perhaps, ought even 
now to be transferred to the Arst, as gold, the peroxide of which 
is capable of combination with barytes, and has therefore by some 

^ exam pies occur among the metals in which they become oxidized 

at certain temperatiires, but give up their oxygen at higher points? 

' What distfnetion of the metals has been made by Berzelius 7 

^Vhat ciiiRiinction of them is founded on the character of their com.' 
pounds 7 What metals form acids with oxygen ? 

What ones form earths and alkalies 7 

What are those which with oxygen simply form oxides 7 
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been styled auric acid. The distinction between some of the 
metals of the second and third classes also is but inconsiderable. 
The characters of the bodies in the first and second classes are 
sufficiently contrasted ; and it is not improbable that those of the 
third class may be ultimately found to be referable to^ne or other 
of the former classes. 


3G5. Binary Combinations of the Metallic Elements of the First Class 
with Oxygen^ Sulphur^ and some other Noiumetallie Elements. 

Arsenic. ^ 

Arsenious acid* 2 Ars. $ Ox. 

Arsenic acid, 2 Ars. 5 Ox. 

Arseniurettcd hydrogen. 

Red sulphuret of A., (Realgar,) 2 Ars. 2 S. 

Ycllo\<f sulphuret of A. (Orpiinent,) 2 Ars. 3 S. 
Persulphuret of A., 2 Ars. 5 
Chloride of A., 2 Ars. 3 Ch. 

Perchloride of A., 2 Ars. 5 Ch. 

Antimony. 

Oxide of A., 2 Ant. 3 Ox. 

Antimonious acid, 2 Ant. 4 Ox. 

Antimonic acid, 2 Ant. 5 Ox. 

Subsulphuret of A., 2 Ant., 3 S. 

Sulphuret of A., 2 Ant. 4 S. 

Persulphnret of A., 2 ^t. 5 S. 

Subchloride of A., 2 Ant. 3 Ch. 

Chloride of A., 2 Ant. 4 Ch. 

Perchloride of A., 2 Ant. 5 Ch. 

Columbium. 

Oxide of C., 1 Col. 2 Ox. 

Columbic acid, 1 Col. 3 Ox. 

Sulphuret of C., 1 Col. 3 S. 

Chloride of C., 1 Col. 3 Ch. 

Titanium. 

Oxide of T. 

Titanic acid, 1 Tit. 2 Ox. 

Sulphuret of T., 1 Tit. 2 S. 

Chloride of T., 1 Tit. 2 Ch. 


Ifow far may thin rlistinction l)o considered permanent? 
lie peat the list of metallic elemente of the first cftiss. 

Name the several compounds of arsenic ? — of antimony ^ 

What are the names and constituents of the compounds of oolumoium ? 
of titanium 7 

M 2 
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'^CHirome. 

Oxide of C., 3 Chf- 3 Ox. 
Deutoxide of C., I Chr. 3 Ox 
Chromic acid, 1 Chr. 3 Ox. 
Sulphurqf of C. 

jHolybdenum. 

Oxide of M.y 1 Mol.’ 1 Ox. 
Peroxide of M., 1 Mol. 3 Ox. 
Molybdic acid, 1 Mol. 3 Ox. 
Sulphuret of M. 

Chloride of M., 1 Mol. 1 Ch. 
Bichloride of^., 1 Mol. 3 Ch. 
Perchloride of M., 1 Mol. 3 Ch. 

Tellurium. 

Tellurous acid, 1 Tei. 3 Ox. 
Tellifl-ic acid, 1 Tel. 3 Ox. * 
TelluTet of hydrogen, 1 Tel. 1 H. 
Sulphuret of T., 1 Tel. 3 S. 
Persulphuret of T., 1 Tel. 3 S. 
Chloride of T., 1 Tel. 1 Ch. 
Bichloride of T., 1 Tel! 3 Ch. 


Tungsten. 

Oxide of tungsten, 1 Tun. 3* Ox. 

Sulphuret of T., 1 Tun. 3 S. 
Persulphuret of T., 1 Tun. 3 S. 
Chloride of T., 1 Tun. 3 Ch. 
Perchloride of T., 1 Tun. 3 Ch. 


Vanadium. 

Oxide of V., 1 V. 1 Ox. 
Peroxide of V., 1 V. 3 Ox. 
Vaiiadic acid, 1 V. 3 Ox. 
Sulphuret of V., 1 V. 2 S. 
Persulphuret of V., i V. 3 S. 
Chloride of VI, 1 V. 3 Ch. 
Perchloride of V., 1 V. 3 Ch. 


Uranium. 

Oxide of U., 1 U. 1 Ox. 
Sulphuret of U., 3 U. 3 S. 


What are the names and constituents of the compounds of chrome ?-*of 
molybdenum 7--of tellurium ?— of tungsten?’— <»f vanadium?— of uranium T 
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Man. 1 Ox. 

1 Man. 3 Ox. 
Oxides of M.-^ 2 Man. 3 Ox. 

3 Man. 4 Ox. 

^4 Man. 7 OjR 
Manganeseous acid, 1 Man. 3 Ox. 
Manganesic acid, 2 Man. 7. Ox. 
Chloride of M., 1 Man. 1 Ch. 
Perchloride of M. 

Sulphuret of M., 1 Man. 1 S. 


Cobalt. 

Oxide of C., 1 Cob. 1 Ox. 
Peroxide of C., 2 Cob. 3 Ox. 
CobaltLc acid, 1 Cob. 2 Ox. 
Chloride of C.,^ Cob. 1 Ch. 
Sulphnret of C., 1 Cob. IS. ® 
Persulphuret of C., 1 Cob. 2 Sf 


Tin. 


Oxide of T., 1 Tn. 1 Ox. 

Stannic acid, or on-. 

Peroxide of T. 5^ in. -3Ux. 

Hemichloride of T., 2 Tn. 1 Ch. 
Chloride of T., 1 Tn. 1 Ch. 
Bichloride of T., 1 Tn. 2 Ch 
Sulphuret of T., 1 Tn. S. 
Bisulphuret of T., 1 Tn. 2 S. 
Phosphuret of T., 3 Tn. 2 Ph. 


366. Arsenic . — ^The substance popularly known under the dca^ig- 

nation of arsenic, is the arsenious acid, one of the compounds of the 
metal with oxygen, lii the metallic or uncombined state arsenic is 
of a grayish-white colour, shining brightly when untarnished ; but 
as it readily attracts oxygen from the air, its surface soon becomes 
dull when exposed to it; but it will retain its lustre if kept under 
water or alcohol. It is moderately hard, and very brittle. Arsenic 
fuses readily, and becomes vdlatilized if heated in a close vessel 
to about 360*^. When thrown on A red-hot iron, or otherwise 
heated in contact with atmospheric air. It burns with a blue dame, 
subliming in the form of a white vapour, having an odour like 
garlic. The sublimate, when cooled, crystallizes in octaedrons, 
consisting of arsenious acid, formerly called white oxide of 
arsenic. ^ » 

367. This substance, well known as a most virulent poison^ 

What are the names and constituents of the compounds of ni&nganese f 
of cobalt?— of tin? 

What is the true chemical nature of white anonic f 

What are the properties of metallic arsenic T 
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generally occurs in the state of a compact saline mass, or heavy 
white powder. It is very sparingly dissolved by cold water; but 
100 parts of the boiling water will dissolve 7.77 parts of the acid, 
more than half of which remains suspended after the liquid be- 
comes cool. <The arsenic acid, which is a deliouescent, colourless 
substance, is also poisonous. Arseniurettcd hyurogen is a strongly 
poisonous/ i^iidammable gas. Both the sulphurets of arsenic oc- 
cur as native minerals. Arsenic becomes inflamed when introduced 
in a divided state into chlorine gas|« and burns with great splendour. 

368. Antimony . — What is tenned crude antimony in commerce 
is the sulphqret of this metal, which is found in the native state. 
Metallic antimony is a shining, hard, and brittle substance, some- 
what the colour of silver. * It has a laminated and imperfectly 
crystalline texture. When exposed to the air it loses its lustre, 
but is otherwise little altered. If rubbed on the Angers, it gives 
out a peculiar smell and taste. It becomes fused at 810^, and 
sublimes in a white heat, combining with oxygen. The powdered 
metal takes fire whcui thrown into chlorine gas, and burns with a 
bright white flame. < The product is a liquid, which becomes con- 
crete at common temperatures, constituting the chloride, formerly 
named, from its consistence, butter of antimony. The perchloride 
is a volatile, transparent, fuming liquid. Several preparations of 
this metal are used in medicine, of which the best known and 
mr.3t valuable is emetic tartar, or antimoniated tartrate of potash. 

369. Columbium.—TWis is a dark gray metal, very dilHcult of 
fusion, and extremely hard and brittle. It is not altered by ex- 
posure to the air ; but it burns at a red iieat, forming a whitish 
oxide. It is scarcely at all soluble in any of the acids except the 
fluoric, in which it dissolves with the evolution of heat, and the 
disengagement of hydrogen gas. 

370. Titanium. — Dr. Wollaston found this metal in the slag 
of ^n iron furnace at Merthyr Tydvil, in South Wales, in the state 
of s'mvill cubic crystals, of a red or cooper colour, and so hard as 
to scraUdi rock crystal. It is infusible by a common blowpipe, 
but becomes oxidated by continued heat, a purple filiii forming on 
its surface. No acid acts on it; but if it be heated with nitre, 
oxidation readily takes place. Tho oxide of titanium has been 
used for painting on porcelain. 

What form has the poi8onoufli'*om)x>und when cryslalllzcd 7 
In what proportion is it solublo in boiling wafer? 

How does metallic arsenic react with chlorine 7 
In what form is antimony found in fH>mmereo7 
What are the characters of true meUilUc antimony 7 
At what heat docs it sublime 7 
What is butter of antimony 7 

Fbr what purpose is antimony employed in medicine and in what ibrmf 
What are-the exteripr appearances of cohimbiiim? 

How isSit aflected by air and heat? 

What solvent can act upon this metal 7 
Where and by whom was titanium discovered 7 
Statp its chemical character and relations. 
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371. Chrome^ or CAromtu m.— -This metal obtained its name from 
the varied colours of its salts.* It is a white and very brittle metal, 
susceptible of a high polish, and, according to Richter, slightly 
magnetic. It can be fused but imperfectly at a very high tempera* 
ture. No acids appear to act on it except the fluoric ^ which dis- 
solves it readily. When heated with nitreNt combines with oxy- 
gen, forming chromic acid. This acid is of a deep colour ; 
and the oxide of chrome exhibits a green colour. Some of the 
coloured gems owe their beautiful tints to this metal ; and it fur- 
nishes some fine pigments forenadiel painting and calico-printing. 

872. Molyhdtnunu — ^This metal is said to have been obtained in 
the state of small grains, of a brittle texture, and of d light gray 
colour ; but it may be questioned wh€4her it has undergone per- 
fect reduction, as it is exceedingly difficult of fusion. When 
heated in contact with oxygen gas, or atmospheric air, it becomes 
converted into a white crystalline sublimate, which is the molyb- 
dic acid. 

373. TMurium, — ^This is one of the mo*:f important of the 

aeidiflable metals, tHb nature and properties ci/ which have been 
illustrated by the elaborate researches of Berzelius. f The metal 
is of a bright gray colour, and has a foliated texture : it is brittle, 
readilv fusible, and very volatile. When heated to full redness 
in a close vessel, it sublimes in the form of a yellow gas, which 
condenses in drops, and becomes crystallized on cooling. The 
smell of its vapour is peculiar, slightly resembling that of sele- 
nium.:): Tellurium is soluble in the nitric and the nitro-muriatic 
acids. Its combination with oxygen in the proportion of 1 T.-f-2 
Ox. forms an acid capable of existing in two states, the tellurous 
acid and the paratellurous acid ; and compound of 1 T.+3 Ox. 
has corresponding properties, forming the telluric and the para- 
telluric acids. $ The combination of tellurium with hydrogen is 
a gaSf which, like sulphuretted hydrogen, manifests the properties 
of an acid. ’ 

374. Tungsten, — ^This metal is distinguished for its specific gra- 
vity, being about 17 A that of water. It is of an iron-gray colour, very 
hara, brittle, and difficult of fusion. When heated in atmospheric 

Whence does chromium derive its name ? 

What is its appearance? 

How is chromic acid produced P 

For what purposes is it employed in the arts 7 

What change have chemists been able to produce on molybdenum f 

For what properties is tellurium distinguished ? 

In what substances is it soluble f 

By what circumstance is tungsten distinguished t 

♦ From the Greek Xpwfca, colour, 

t See Johnston on Chemistry in Report of British Association, 18^, p. * 
471 

t Id. p. 472. The odour of this metal, or rather oY the vapou? of teltul 
rous acid, has been compared with that of radishes. See Children’s Essay 
OB Chemical Analysis, 67. 

4 Id. pp. 472, 47l 
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f[^4i^inbines with oxygen to form tungstid oxide, a brown or 
onalMate-coloured powder. This oxide exposed to a red heat, 
and agitated in an open vessel, absorbs more oxygen, and becomes 
tungstic acid, which is a yellow powder, but acquires a greenish 
hue by long, exposure to the rays of the sun. 

375. Vanadium^ — ^I'he properties of this metal most nearly cor- 
respond those of chrome, and in a natural arrangement of 
the metallic elements, it might be placed between chrome and 
molybdenum. In colour and Ijpstre it resembles the latter me- 
tal. “It is characterized by giving, in the form of an oxide, 
blue salts with acids; with oxygen forming a peculiar acid, 
which fuses at a red heat without decomposition, and on cool- 
ing is reddish-brown and* crystalline, and which gives with 
bases colourless neutral and orange-coloured acid salts. Before 
the blowpipe it behaves itself like chromium, with this charac- 
teristic difference, that the green colour with borax can in the oxi- 
dizing Harne be chained into a pal^^ yellow.’^ 

376. Uranium,^4^'h\B metal is of a grayish-brown colour, pos- 
sessing considerabbt lustre, brittle, and very difficult of fusion. It 
does not tarnish in the air at common temperatures, but when 
made red-hot in an open vessel, it becomes oxidated, forming a 
dark green or blackish powder. The compound of 2 U. -f- 3 Ox., 
is a yellow powder, used in painting ^porcelain, and which acts as 
agiacid, forming a salt with barytes. 

377. This metal in some of its properties, resem- 
bles iron. It may be obtained by exposing the black oxide, with 
charcoal powder and oil, to a most intense heat in a wind furnace, 
and the metal will then be found in small globules, or in the form 
of an imperfect button, at tOe bottom of the crucible. It is of a 
dusky-whitish colour, and finely granular texture, softer than cast 
iron, and very brittle. It is difficult of fusion, and is readily acted 
on by the air, tarnishing, and at length crumbling into a brown 
powder. When heated in oxygen gas, it undergoes combustion, 
and it decomposes the vapour of water at a red heat. The per- 
oxide, 1 M.-4-2 Ox., from its colour styled black oxide of manga- 
nese, is frequently found native, and is the general source from 
which the metal and its compounds are procured. No change is 
produced on it by exposure to the air, but the variety of native 
oxide, called black wad, has the property of spontaneous inflam- 

What compounds of this substance are formed with oxygen? 

To what metals is vanadium most nearly related ? 

What two species of compounds does it form with oxygen ? 

What is the colour of uranium f 

What compound of this metal is employed in the arts and for what pur 
^posc? 

^ How is m{|inaaneso procured ? 

" What effect has air V>n this metal 7 

What ingredient does manganese derive from water ? 

* See Johnston’s Rep. on Chem., p. 469. 
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mation, when well dried, and kneeded with linseed oil. It is in- 
soluble in water, and does not combine with acids or alkalies ; but 
such acids as appear to dissolve it, reduce it to the state of protox- 
ide, with which salts are formed. 

378. When the peroxide of manganese is mixed with an equal 
weight of nitrate of potash, and exposed to a red hdat, a green 
mass is obtained, which being put into wat^r, furnishes a solution, 
the colour of w^hich successively becomes green, blub', puVple, and 
red, and ultimately disaj^ears entirely ; whence it has been called 
the chamelion mineral. The expenment may be varied by putting 
equal quantities of the mixture of the peroxide and nitre into two 
glasses, and pouring on one hot, and on the other cold lyater, when 
the former solution will exhibit a fine^reen colour, and the latter 
a deep purple, and the shades will ^ry with the alteration of 
temperature.* 

379. Cobalt . — ^The metallic nature of this substance was first 
recognized about one hundred years ago, but its oxide has been 
used in making coloured glas<s since 1510. Cobalt is of a red- 
dish-gray colour, and a fibrous or laminated texture, brittle, and 
difficultly fusible. Like iron and nickel, it in.iy be rendered mag- 
netic. Neither air nor water acts on it at a low temperature, but 
when heated to redness in an open vessel, it forms an oxide of a 
very deep blue colour, and if the heat bo intense, the metal takes 
Are and burns with a red dame. The chloride of cobalt, combined 
with water, forms Hellot’s sympathetic ink, which may be pre- 
pared by digesting the oxide of this metal in muriatic acid, and 
adding water till the liquid becomes of a pale rose colour. Any 
thing written on paper with a clean pen dipped in this solution, 
will be invisible till it is slightly heated, when the writing will 
appear of a bright green tint, which vanishes as the paper cools, 
and may be renewed at pleasure ; but if once strongly heated, the 
cliaracters become permanent. Acetate of cobalt (the salt formed 
hy oxide of cobalt and acetic aeid) dissolved in water constitqtcs 
an exeelleni sympathetic ink, which may be used like the preced- 
iiur; but it gives to paper a beautiful azure instead of a green 
liiu when heated. The oxide of cobalt, in combinations with si- 
licic acid and potash, forms smalt, and other blue pigments used 
in the arts. 

380. Tin. — ^l"his is one of the metals which appear to have 
been known to the ancient Gireeks and Romans, wno obtained it 

What is iho nature of the action of acids on ihe black oxide of manga- 

JICHC \ 

How is chameleon mineral obtained ? 

How may the influence of temperature on chemical efiects be illustrated 
by tills Bubstanco ? 

How long has cobalt been known as a metal ? 

What temperature is necessary to effect its combustion f 

What is the composition and use of ilellot’s sympathetic ink ? 

What other command of colialt produces similar effects? 


* See Johnston’s Rep. on Chem., pp. 477. 482 
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j£om Spain and Britain. Its general appearance is well known^ 
tin-plate, consisting of sheets of iron coated with tin, being used 
for a multiplicity of purposes ; and tinfoil, (leaf-tin,) employed 
to line tea-chests, and wrap up articles which reouire to be pro- 
tected from the air. Tin is not very hard nor ductile, but^ ex- 
tremely m^leable ; an J when sheet-tin is bent suddenly, it emits a 
peculiar called by the French eri d^itain : this metal has also 

a characteristic odour, and a faint but disagreeable taste. It is 
not afiected by water at common temperatures, but becomes 
tarnished by exposure to the air. If steam be passed over tin 
heated to ledness, it decon^oses the water, absorbing oxygen, 
and the hySrogen is given off in the gaseous state. The compound 
of I T. -i- 2 Ox., called peroxide^ of tin, is capable of combination 
with alkalies, thus manifesting the properties of an acid. When 
fused with glass, it forms a milk-white enamel, useful for technical 
purposes. 

381. The substance called in corpmerco t:n putty, is an impure 
oxide of tin. Thrs metal burns in oxygen gas, when heated 
below its fusing-pcint, and it is soluble in the sulphuric, nitric, 
and muriatic acids. Bichloride of tin is a colourless liquid, called 
the fuming liquor of Libavius, from its alleged discoverer, a 
chemist of the seventeenth century. Combinations of tin ]#iih 
chlorike are used in dying and calico-printing, and with the Mtr* 
t\on of gold in nitro-murlatic acid, to form the purple powder of 
eassius, a pigment employed in ornamenting porcelain. The 
bisiilphuret or tin is a substance of a shining yellow colour, and a 
flaky structure, which was formerly called Mosaic gold {Awum 
Afujrtvum.) 

Binarj^ Combinations of the MeUdlic Elements of the Second Class 
with Oxygen and Chlorine, 

Potassium. 

Protoxide of P., (potash,) 1 Pm. 1 Ox. 

Peroxide of P., 1 Pm. 3 Ox. 

Chloride of P., 1 Pm. 1 Ch. 

Sodium. 

^QVbtoxide of S., (soda,) 1 Sod. 1 Ox. 

Peroxide of S., 1 Sod. 2 Ox. 

Chloride of S., (marine salt,) 1 Sod. 1 Ch. 

What properties does tin {possess in a high degree ? 

How does it react on iho vapour of water 7 
What compound of tin manifests acid properties f 
Wliat is meant by tin putty 7 

What peculiar characters has the porchloride of tin f 

What was it formerly called 7 

Of wliadbis powdtr tjT caseiun composed 7 

What is the nature of Mosaic gold 7 

Repeat the list of metallic elements of the second class. 

What are the compounds formed with potassium?— with sodium? 
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« Zathinm* 

Oxide of L., (lithia,) 1 L* 1 Ox. 
Chloride of L , 1 L. 1 Ch. 


Baiyum. 

Protoxide of B., (baryteSi) l^B. 1 
Peroxide of B., 1 B. 3 Ox. * 

Chloride of B.^ 1 B. 1 Ch. 

Calcium. 

Protoxide of C., (lime,) 1 Cal. 1 Ox. 

Peroxide of C., 1 Cal. 3 Ox. 

Chloride of C., (muriate of lime,) 1 Cal 

Strontium. 

Protoxide of S.,^8trontia,) 1 Sir. 1 < 

Peroxide of S., 1 Sir. 2 Ox. 

Chloriae of S., I Str. 1 Ch. 

Magnesium. 

Oxide of M., (magnesia^) 1 Mag. ’ * ^ 

Chloride of M., 1 Mag. 1 Ch. 

Aluminum. 

Oxide of A., (alumina,) 2 Al. 3 O 
Chloride of A., 2 Al. 3 Ch. 

Zirconium. 

Oxide of Z., (zircon earth,) 2 Zir. 

Glucinum. 

Oxide of G., (glucina,) 2 Gl. 3 O 
Yttrium. 

Oxide of Y., (yttria,) 1 Y. 1 Ox 
Thorium. 

Oxide of T., (thorina,5 1 Th. 1 Ox. 

383. PoroAMum.— This metal is the basis of potassSf or, as it 
was formerly called, the fixed vegetable alkali, which was dis- 
covered by Sir H. Davy to be protoxide of potassium. It may be 
procured by placing a thin plate of pure caustic potash, slig^tly^ 

• • 

What are the compounde formed with lithium f-*baiyum f-2ealeium f 
strontium ?— magneuum f— aluminum I— sireonium T-rglucuium T-y ttiinm f 
thorium f 

What is the chemical nature of potassa? 
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moistened, between two disks of platina, connected with the op- 
posite wires of a powerful Voltaic battery, when the alkali will 
Decome fused ana afterwards decomposed, its oxygen being 
evolved at the positive wire, while the metal, in smsul shining 

g lobules, tii^ill make its appearance at the surface connected with 
lie negative wire. Potassium may also be obtained by passing 
melted rough a red-hot gun-barrel, containing fragments 

of iron, which, at a very high temperature, will decompose the 
alkali, by attracting its oxygen, nno thus the metal will be set 
free as before. The affinity of this metal with oxygen is so great, 
that it decomposes most bodies which contain it, even at very low 
temperatures; and hence when jiotassium comes in contact with 
atmospheric air or water,' It immediately absorbs oxygen from 
either of those fluids, and protoxide of potassium or potaw is thus 
produced. Potassium, therefore, cannot be preserved without 
being secured from the contact of air and water ; but it may be 
kept immersed in ether, or included in Exhausted glass tubes 
hermetically sealed*. 

384. Potassium 'at 33^ Fahrenheit, is a hard, brittle solid, of a 
crystalline structure, and of a white colour, like silver. At about 
60^ it becomes malleable and ductile, having nearly the consistency 
of soft wax, and in that state its specific gravity is about 0.85 ; 
at 150^ it is perfectly fluid, and at bright red heat it sublimes 
V. ithout decomposition, in the form of a green vapour. It is a good 
conductor, both of heat and electricity. When this metal is 
heated in air or oxygen gas, it bums with a brilliant white flame, 
and is converted into aii oran^-coloured substance, which, on 
cooling, appears in the s^ate of crystalline scales. This is the 
peroxide or potassium. The protoxide of potassium, or caustic 
potash, has a most powerful affinity for water, which it readily 
absorbs from the air; and thus forms a definite compound, called 
hydrate of potash, composed of 1 potash Hh I water. 

385. The common potash and pearlash of the shops consist of 
this alkali combined with carbonic acid, forming carbonate of 
potash. This salt is commonly obtained by evaporating the ley 
produced by steeping wood-ashes in water. The decomposition 
of the carbonate of potash is effected by means of caustic lime, 
which having a stronger attraction for carbonic acid than potash 
has, it attracts the acid, and sets free the alkali in the state of 
hydrate of potash. This substance, when purified, is white, acrid. 

How ifl its metallic base procured f 

In what manner may it Im obtained from the reaction of potassa with 
ifont •* 

In what manner must potassium be preserved ? Why T 
^ What characters does potassium exhibit at low temperatures t 
At wh^ temperatufo does it become ductile 7 
What is its melting point ? 

At what point is it vaporized I 

What compounds does potassium form hy oombuation in oxygen I 
Whbt la the chemical nature of pearlash f 
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Bnd corrosiye, desteoying the texture of animal and yegetable eub* 
Btoces. It speedily absorbs moisture and carbonic acid from the 
air, but it may be crystallized in octaedron8« by keeping a strong 
solution of it in water for some time, in close yessels, it reddens 
substances coloured by turmeric, changes Tegetable bliees to green, 
and neutralizes acids without any enerveseence. It enters into 
combination with fat oils, foming soft soaps. nr « • 

386. When^ small quantities or potassium are introduced into 
chlorine gas, intense mflammation takes place, and the chloride 
is produced. This is a white* saline substance, of a bitter, 
disagreeable taste, readily soluble in water, from which it may be 
procured by evaporation in cubic crystals. It was fofkneTly sup- 

f » 08 ed to be a compound of muriftic acid and potash, and it was 
ong used in medicine under the names of digestive salt of Sylvius, 
and regenerated sea-salt. Potassium has a stronger affinity for 
chlorine than for oxygen, since both its oxides are decomposed by 
chlorine gas. 

387. Potassium enters into combination with Mine and with bro- 
mine, and the iodide Sf potassium is sometimes used in medicine. 
Potassium also unites with hydrogen, sulphur, selenium, phos- 
phorus, and carbon, to form peculiar compounds. Alloys are 
formed by the combination of potassium with various other metal- 
lic bodies. The amalgam si potassium, or combination of this 
substance with mercury, may be readily formed, by mixing thegi 
together at the usual temperature of the air. This amalgam may. 
also be produced by placing a thin mass .of mercury in the bottom 
of a flat glass vessel, about two inches in diameter, and pouring 
over it a strong solution of caustic potash, then on connecting an 
iron wire from the negative pole of 4 Voltaic battery with the 
mercury, and a platina wire from the positive pole with the alkaline 
solution, into which it must be dipped so as not to touch the surface 
of the mercury, an amalgam will be formed with such rapidity,, 
that more than 1200 grains of mercury will become combined into 
a solid alloy with the potash in twenty-four hours. This amalgam 
has the property of dissolving all other metals. Potassium like- 
wise combines with gold, silver, and copper; but when any of its 
alloys are thrown into water they become decomposed, potash 
being formed, which dissolves in the water, and the other metal 
is set free. • 

388. Sodium ^ — ^This metal, which iathe basis of soda or mineral 
alkali, greatly resembles potassium, both in its physical and 
chemicm properties. It may be obtained from soda by similar 
processes to those already described for the decomposition of 
potash, only it is necessary to employ a stronger electric power, 
or a higher degree of heat. Sodium is a soft, malleable mq^l. 

How is the carbonic acid separated from carbonate of potash is 
What are the compounds of potassium with chlorine ? 

What peculiar properW has the amalgam of potassium t 
What diflerences are observable between potassium and sodium ^ 
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which does not become brittle like potassiom at 32^, since at thsfc 
temperature globules of it ma^ be welded together by pressure 
It is rather heavier than potassium* its specific gravity being 0.97. 
In colour it resembles lead, but tarnishes on exposure to a moist 
atmospheref Its fusing-point is about 190^* and it is volatile at a 
white he at; ’b ut if heated in contact with air* it burns with a 
white ]i^k1?^j^-''<«Qpanied with red sparks. In consequence of its 
powerful affinity for oxygen* it mui^ like potassium* be preserved 
under ether or naphtha. Soda*r,or the protoxide of so^m* com- 
bines with water* forming hydrate of soda, wliich is thS mineral 
alkali or natron of commerce. 

389. The combination of sodigm with, chlorine, (chloride of so- 
dium*) is the substance generally known as common or marine 
salt. This body* which exists largely in nature, especially in the 
state of rock-salt and in solution in sea-water* was formerly sup- 
posed to be a compound of muriatic acid and soda* and hence it 
was called muriate of soda. It ii^now knSwn* however* to be a 
substance of a dlffd?ent class from the prope^' salts* or compounds 
of acids and alkalfes, and, upon the whole* it may be considered 
as having a closer analogy with the alkalies than with the neutral 
salts. It may be produced artificially by heating sodium in chlo- 
rine gas* when the metal bums, forming a white compound, which 
is the chloride of sodium. Tliis chloride becomes decomposed by 
hrating it with potassium, and thus the sodium is set free and 
chloride of potassium produced. 

390. If protoxide or sodium be exposed to heat* in chlorine 
gas* oxygen will be evolved* aud ohloride of sodium formed. 
When the protoxide is h^^ted in hydro-chloric (muriatic acid) 
gas* a mutual decomposition will take place, and the products 
will be the chloride and water. The chloride of sodium crystal- 
lizes in regular cubes, which decrepitate, or fall into pieces with a 
crackling noise when heated ; and if the heat be raised to redness* 
the crystals fuse without decomposition* and on cooling become con- 
gealed into a hard white mass. This substance, though readily 
soluble in water, is almost insoluble in alcohol. Its general 
properties* and the numerous purposes to which it is applmd* are 
too well known to require specification. 

391. Sodium unites with iodine^ and bromine* and among the 
combustibles* with sulphun selenium, and phosphorus* but not 
with hydrogen. It forms alloys with most* if not all* the metals. 

392. Lithium . — ^This is a metallic substance comparatively of 
rare occurrence* having hitherto been found only in the petmite* 
spodumene* lepidolite, some kinds of feldspar* and a few other 
minerals, and in certain waters in Bohemia. In these bodies it 

What is the melting point of sodium f 

•By whqf name is hyurate of soda known in commerce ? What is the 
true chemical nature of common salt 7 What ivas it ibrmerly BupjpoBed to be 7 

How is common salt acted on by potassium, and what are the results? 

With which classes of non-metallic bodies does sodium unite ? 

In what substances is lithia found ? 
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exists in the state of^an oxide, oalled lithia, which exhibits pvo- 
perties partly resembling those of the earths, and partly those of 
the alkmies. The oxide of lithium may be decomposed, like pot-* 
ash and soda, by Voltaic electricity, and the product is a brilliant 
white and highly combustible metallic substance, bearing much 
resemblance to sodium ; but its prcmerties have hithesto been very 
little investirated, in consequence of the scarcity of its compounds. 
Chloride, iodide, fluoride, and sulphuret of litl\t^>?j,dt^>jsbeen ob> 
tained, but their respective pr<^rtie8 are but imperfectly known. 
Oxide of lithium (lithia) dine|s from potash and soda in its 

S ower of saturating a greater quantity of any acid, and in forming 
iflicultly soluble salts with the carbonic and phosphoric acids. 
It may be distinguished from the alkaline earths ( 111 % and bary- 
tes) by the greater solubility oi its Baline compounds with the 
sulphuric and oxalic acids ; and by its acting in the state of car- 
bonate upon vegetable colours, like potash and soda. 

393. ^aryum.— This metallic body may be obtained by nega- 
tively electrizing itsl^xide (^ich is the earth called barytes) in 
contact with mercury. An amalgam will thus%e gradually formed, 
from which the mercury may be expelled by heat. The metal 
is of a dark gray colour, with a lustre inferior to that of cast- 
iron, and it is about twice as heavy as water. It speedily absorbs 
oxygen when exposed to air, crumbling into a white powder, 
which is the protoxide of bSiryum : and when thrown into water 
it suddenly decomposes that fluid, hydrogen being evolved, and 
the oxide which is formed dissolving in the water. The protox- 
ide of baryum (barytes) is not unfrequently found among minerals, 
in combination with either the carbonic or the sulphuric acid, 
with the latter of which it constitutq|^ the substance called pon- 
derous spar (terra pofulerosaj) 

394. Pure barytes has a caustic taste, turns vegetable blue co- 
lours green, and neutrallizes acids like the alkalies. It is very 
poisonous, as likewise are all the soluble salts formed of i^ it 
IS usually obtained in the state of a gray powder, the specific 
gravity of which is about 4. It is insoluble in pure alcohol, but 
very readily soluble in water, and it may be slaked like quick- 
lime, givij^out a great quantity of heat during the process. Per- 
oxide of baryum may be produced by heating the protoxide in 
oxygen gas, which is rapidly absorbed, and a gray compound is 
formed. This substance is* principally deserving of notice, as 
having been used by M . Thenard in\he preparation of oxygenated 
water, of which some account has been already given. 

Baryum unites with chlorine, iodine, bromine, and fluorine, and 
also with some of the simple combustibles. 

How does lithia differ from the vegetable and marine alkalies ? 

How from lime and barytes ? 

How is baryum procured ? . • 

By what names do mineralogists distinguish the minerals fiMmed of ba« 

lyum ? What sensible and other properties belong to baryum ? 

To whet chemical purpose has the peroxide of bisryum been applied ? 

N 3 
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C'a&»i»m«~Thia metal was discovered by Sir H. Davy, 
who ji^focured it in a separate state from lime by the action of a 
Voltue batteiy. It has, however, been obtained in very small 
c^nantities, and but little is known concerning its physical proper- 
nes except that it has' the colour and lustre of silver. When ex- 
posed to cofnmon air the metal takes fire, and burns with an in- 
tense white .light, forihing protoxide of calcium, or pure lime. 
The amalS^'bc ''Calcium Uirown into water is decomposed with 
the evolution of hydrogen, and the oxygen of the water unites 
with the calcium to form lime. The protoxide of calcium (lime) 
is a white pulverulent earth, which is one of the most abundant and 
most import^nt of all natural substances. In the mineral king- 
dom it forms limestone and other crocks ; it is contained in many 
vegetable products, and also forms the basis of bone and other 
animal substances. It may be most readily obtained in the state 
of purity by exposing powdered calcareous spar, or white marble, 
to a strong red heat. 

396. Pure lime, commonly called 'quicklime, has an acrid and 
alkaline taste, corrodes animal substances, and changes vegetable 
blue colours to greefi. It is very difficultly fusible, but facilitates 
extremely the fusion "of other mineral bodies, as metallic ores, and 
it is therefore employed as a cheap and powerful fiux. It is 
sparingly soluble in water, and hot water takes up a smaller 
<|^uantity of it than cold, so that when lime-water is boiled, the 
liitle is precipitated, liime absorbs moisture from the air, and 
becomes converted into hydrate of lime, as also happens when it 
undergoes the process of slaking. Lime may be obtained in a 
crystsdline state by placing lime-water under the exhausted re- 
ceiverofati air-pump, together with sulphuric acid in another ves- 
sel, the water thus becoming slowly evaporated, imperfect hexa- 
gonal crystals will be formed, consisting of hydrate of lime. 

397. Calcium is capable of entering into combination with oxy- 
gen <in two proportions, forming, besides lime, a peroxide or 
deutoxide. J'he chloride of calcium, which is formed when pure 
lime is heated in chlorine, is known in commerce under the names 
of oxyinuriate of lime and bleaching powder, extens ively used for 
various purposes. 

398. iStroniium ^ — ^This metal may be obtained from tue earth 
called strontia, which is an oxide^,of strontium, by a process 
analogous to that described for the production of barymn. It 
possesses but a moderate degree of lustre, is difficult of fusion, and 

What effect results from the exposure of calcium to common air? 

How does that metal act upon water? 

How extensive is the protoxide of calcium Ibund in nature ? 

Haw may it be obtained in a pure state ? 

What are i{s sensible properties ? 

For whaL purpose is it used in metallurgy? 

What remarkable efiect has increase of temperature on water saturated 
with lime? 

What use is made of the compound of lime with chlorine ? 
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noi voiauie. is converted into an oxide by exposure to atmos- 
pheric air, and it also decomposes water. The oxide of strontium, 
or strontia, derives its appellation from its having been found in a 
mineral, first discovered in a lead-mine at Strontian, in Argyll- 
shire, in which the earth is combined with carbonic acid. Strontia 
is a gray pulverulent mass, having decidedly alkalini properties. 
It may be slaked with water, giving out nJuch heat, ^and lorming 
a solid hydrate, which is readily soluble in %'£/if/ing'#ater, and 
deposits crystals on cooling. When immersed in alcohol, it causes 
the vapours of that fluid to burn with a bright red flame. Its taste 
is acrid ; but it differs from barytes in not being poisonous. Stron- 
tium unites with chlorine and some other bodies ; ^ut its com- 
pounds have been but slightly eaamii^ed. 

399. Magnesium ^ — Sir H. Davy was foiled in an attempt to 
procure magnesium by exposing the earth, in its pure state, to the 
action of the Voltaic battery ; but he succeeded better by galva- 
nizing solutions of the sulphate or nitrate of magnesia, in contact 
with mercury By ^is meaiis a metallic i^lid was obtained, 
which sunk rapidlydin water, though surrounded by globules of 
gas, producing magnesia ; and it cmickly chan|;ed in air, becoming 
covered with a white crust, or falling into a fine powder, which 
proved to be magnesia. The metal has since been obtained by M. 
Bussy from the action of potassium on chloride of magnesium, 
heated to redness in a porcelain tube. It appeared in the state of 
small brown scales, which, when rubbed in an agate mortar, lefiAt 
metallic trace of a leaden colour. It burns, when strongly heated, 
with a red light, forming magnesia. 

400. The oxide of magnesium, (magnesia,) in combination with 

acids, is abundantly distributed by nature in the mineral kingdom, 
entering into the composition of various rocks, and being found in 
considerable quantities in the water of the sea, and of mineral 
springs. It usually occurs in the state of sulphate, from which 
the carbonate is prepared, by the addition of carbonate of pothsh 
or of soda, when a precipitation takes place. The oxide of mag- 
nesium may be obtained pure by exposing carbonate of magnesia 
to a strono^^ heat, and the product, known by the name of 
calcined nfljBsia, is frequently used in medicine. It is a soft, 
white, infu^Dle powder, having neither taste nor smell. It slightly 
reddens turmeric, and has sonqp action on the blue tint of violets, 
turning it green, like alkalies. ^ 

Magnesium combines with chlorine and iodine. 


Whence was strontium first procured ? 

What are its properties ? 

What effect has this metal on alcohol ? 

Whai different methods have been employed to obtain the metal niag<- 
nesium ? - 

To what extent does the compound of roagnesiuift and ozyg|p present 
itself in nature ? . ‘ . 

Under vrhat name is that compound, when pure, generally known I 
What alkaline property does it possess ? 
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401. This metal has been obtained in the state of 
M finely-divided, gray substance, or in small scales with some 
metallic lustre. It is very difficult of fusion ; and though in the 
fmlverulent state it seems not to conduct electricity, it becomes a 
conductor when its particles are united. It does not become oxi- 
dized by mire exposure to the mr ; but if heated almost to red- 
ness, it bu ym^ forming a white substance, having the general 
propertiesolamtirinous earth. 

402. The oxide of aluminum or alumine, is found in abundance 
in the mineral kii^dom, const^uting, either alone or with other 
substances, tnost oAhe precious stones, as the sapphire, the topaz, 
the ruby, aad the garnet ; and it is a constituent part of the hardest 
and most ancient rocks, aijd mineral also of the superior soil. 
In the state of clay it is largely used in making tobacco-pipes, 
bricks, pottery, and porcelain. In combination with sulphuric acid, 
this oxide forms alum, so extensively used in the arts and in 
medicine. Pure alumine may be obtained by precipitating a solu- 
tion of alum (sulplmte of alumine)«n water,^y means of ammonia 
or carbonate of porash. A white, bulky hydrate of alumine will 
thus be obtained, Vhich, when well washed and exposed to a 
white heat, will yield the earth in a state of purity. 

403. Alumine is a white bland powder, which adheres to the 
tongue, but has neither taste nor smell, and does not affect vegeta- 
ble colours. It is insoluble in w'ater,*but when moistened with it, 
fBrms a d uctile, cohesive mass. It has a gpreat affinity for moisture ; 
and after ignition, it will absorb from the atmosphere a quantity 
of water equal to half its weight. This earth enters into permanent 
combinations with various animal and vegetable colouring matters, 
and hence it is of great usu^in dying and calico-printing. 

Chloride of aluminum is a yellowish, transparent crystalline 
substance, which rises in vapour at 212^. When exposed to the 
air it rapidly deliquesces, forming an acid solution. 

^04. Zirconium . — ^This metal has been obtained from the earth 
called zircon (oxide of zirconium) by Galvanism, and also by heat- 
ing potassium with a peculiar salt, fiuate of zirconia and potash 
caretully dried. It is thus procured in the state of^^Uck powder, 
difficultly soluble in acids, except the hydrofiuori^|Hkch readily 
acts on it, extricating hydrogen. When rubbed be^^Rn two hard 
substances, it appears in the for^i of shining scales, of a dark 
gray colour. If heated in atmospheric air, it burns brightly, form- 
ing zircon earth. This earth (oxide of zirconium) is a white 

What is the appearance of aluminum 7 

How is it afiectcd by heat ? 

What is the chemical nature of the chief in^tredient of most of the pre- 
cious stones ? 

j^oT what purposes in the arts is alumine employed f 

llow may it be obtained in a pure state ? 

What J&ti^uishing sensible properties does it possess ? 

WhatTelation has puro alumine to water 7 

How 18 it employed in the arts 7 

How has zirconium been procured 7 Enumerate its several properties. ^ 
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inBij^id powder, which forms salts with different acids, and is 
sparingly dissolved by tha carbonated alkalies ; but not by the 
alkalies in a pure state. 

405. Gluctnum. — ^This metal may be obtained by decomposing 
its chloride by potassium. It is a gray substance, having but liN 
tie metallic lustre, and very difficult of fu^on. It is not affected 
by air or water at common temperatures; butr'^/ieh' Abated, it 
burns, forming glucina, or oxide of glucinum. This oxide was 
first discovered in the beryl, and at also occurs in the emerald of 
Peru, and in the euclase ; but has not yet been found in any other 
minerals. It is a fine, white, soft powder, adhering teethe tongue 
like pure clay. It does not affect jregeJ^able colours, and is insolu- 
ble in water; with which, however, it forms a ductile paste. 
With the acids it combines to form salts, having a sweetish, 
astringent taste ; whence its name.* 

406 Yttrium. — This is the metallic basis of the earth called 
yttria or ittria, which was discovered in a mineral found in the 
quarry of Ytterby in 4Bweden. This earth has since been met with 
only in one other mineral in the same counti^f Yttria (oxide of 
yttrium) is an insipid, white powder, which has no action on 
vegetable colours, and is remarkable for its specific gravity, which 
is 4.8. It is insoluble in water, and incapable of fusion, except at 
a very intense heat. With the acids it forms salts, having a 
sweetish, austere taste, but which have hitherto been but slighter 
examined. The metal has been procured, by decomposing the 
chloride of yttrium by means of potassium, in the state of iron- 
gray scales, which burn brilliantly when heated in oxygen gas or 
common air, forming yttria. The metaii^is not acted on by water, 
but dissolves in sulphuric acid. 

407. Thorinum . — ^Thorinum, or thorium, is the name given to 
a metal discovered by Berzelius. In 1816, in analysing some 
Swedish minerals, he obtained an earthy substance, whicl^he 
concluded to be the oxide of a new metal, (thorium,) but he 
subsequently found it to be a subphosphate of yttria. However, 
in 1828, J|||m^lius received a black, heavy mineral, from the 
vicinity olHHIvig, in Norway, which, on analysis, was found to 
consist chieny of a silicate of a new earth, which constituted about 
58 per cent, of the whole mineral. To the base of this earth he 
gave the name of thorium, because ^ resembled in its properties 
the subphosphate of yttria, to which the name had been previously 
applied. Thoria (oxide of thorium) displays considerable analo- 
gies with yttria, zirconia, and glucina. 

In what state was the oxide of ^lucinum first discovered ? 

What peculiar properties have its compounds with acids ? 

Whence was yttria first procured ? 

what means is its metallic base separated froxy composition ? 

With what solvent will the metal combine ? 

To what substance was the name thorium first given ? 

To what has it been subsequently applied ? 

* From the Greek word rAvxvr, swgeu 
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408« Binary Combinaiions of the MetalKe Elements of the Third 
Class unth Oxygen and some other Non-snetallie ElementSm 

Black oxide of I., 1 In 1 Ox. 

oxide of L, 2 Ir. 3 Ox. 

Chloride of 1., 1 In 1 Ch. 

Perchloride of I., 2 In 3 Ch. 

Sulphuret of I., 1 in 1 S. 

_ Bisulphuret of !.« 1 In 2 8. 

Nickel. 

Oxide of N., 1 Nk. 1 Ox. 

Peroxide of N., 2 Nk., 3 Ox. 

Sulphuret of N., 1 Nk. 1 8. 

a» *• 

Zinc. 

White oxide of Z., 1 Zn. 1 Ox. 

Chloride of Z., 1 Zn. 1 Ch. 

Sulphuret of Z., (blende,) 1 Zn. 1 8. 

Cadmium. 

Oxide of C., 1 Cad. 1 Ox. 

Sulphuret of C., 1 Cad. 1 8. 

Cerium. 

Oxide of C.,*i Cen 1 Ox. 

Peroxide of C., 2 Cen 3 Ox. 

Lead. 

Protoxide of L., 1 Ld. 1 Ox. 

Red oxide of L., (minium,) 2 Ld. 3 Ox. 

Brown oxide of L., 1 Ld. 2 Ox. 

Chloride of L., 1 Ld. 1 Ch. j 

Sulphuret of L., (galena,) 1 Ld. 1 S.'*' 

Copper. 

Oxidule of C.^ 2 Cop. 1 Ox. 

Oxide of C., 1 Cop. 1 Ox. 

Deutoxide of C., 1 Cop. 2 Ox. 

Chloride of C. 

Perchloride of C. 

Hemisulphuret of C., 2 Cop. 1 8. 

Sulphuret of C., 1 Cop. 1 8. 

Enumerate the metallic elements of the third claas. 

What are the binary compounds of iron f— of nickel f— of zinc f— of cad 
mium 7— of cerium 7-— of lead 7— of copper 7 
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Copper eontinued. 

{ 1 Cop. 8 S. 

1 Cop! 4 s! 

1 Cqo. 5 Se 

Phosphuret of C., 1 Cop. 1 Ph. 

Bismuth. 

Oxide of B., 1 Bid! 1 Ox. 

Chloride of B., 1 Bis. 1 Ch. 

Sulphuret of B., 1 Bis. 1 S. 

• # 

Mercury. 

Black oxide of M., 1 Mer. 1 Ox. 

Red oxide of M«, 1 Mer. 2 Ox. 

Chloride of M.^calomel,) 1 Mer. 1 Ch. 
Perch4)ride of M. (corrosive subixmatey) 1 Mer. 2 Ch. 
Sulphuret of M., (Bthiops mindlul,) 1 Mer. 1 S. 
Bisulphuret of M., (vermilion,) 1 Mer. 2 S. 

Silver. 

Oxide of S., 1 Sil. 1 Ox. 

Chloride of S., .(/una corena^ horn silver,) 1 Sil. 1 Cn. 
Sulphuret of S., 1 Sil. 1 S. 

Gold. 

Oxide of G., 1 Gd. 1 Out 
Peroxide of G., 1 Gd. 3 Ox. 

Chloride of G., 1 Gd. 1 Ch. 

Perchloride of G., 1 Gd. 3 Ch. 

Sulphuret of G., 1 Gd. 1 S. 

Persulphuret of G., 1 Gd. 3 S. 




xide of P., *1 ‘PI. 1 Ox. 
Deutoxide of P.. 1 PI. 2 Ox. 
Chloride of P., 1 PI. 1 Ch. 
Bichloride of P., 1 PI. S Ch. 


Palladium. 

Oxide of P., *1 Pal. 1 Ox. 
Sulphuret of P., I Pal. 1 S. 


How many pemulphurets does copper form 7 ^ ’ 

^hat are the binary compounds of bismuth 7 — of mercury 7— -of silver 7- 
of gold? 

With which of the non-metallic elements does platina combine 7 
With what ones does palladium unite f , 
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Rhodium. 

Oxide of R., 1 Rh. 1 Ox. 
Peroxide of R., 2 Rh., 3 Ox. 


Iridium. 

< 

Oxides of I. 


{i 


1 Irid. 1 Ox. 

2 Irid. 3 Ox. 
1 Irid. 2 Ox. 
X Irid. 3 Ox. 


Osmium. 

Oxides of O. 


ri Os. I Ox. 
2 Os. 3 Ox. 
1 Os. 2 Ox. 
1 Os. 3 Ox. 
J Os. 4 Ox. 


409. Iron. But f jw of the elementary bodies with which we are 
acquainted occur so abundantly and in so ruany various forms as 
iron. Among the metals, excepting some of the bases of eartlis 
and alkalies, there is not one which enters so largely into the ccrn- 
position of mineral, vegetable, and animal substances. It is also 
distinguished for its general utilty, possessing admirable pro- 
perties, adapting it for the construction of a multiplicity of weapons 
and instruments, useful in peace and war, in arts, manufactures, 
and for domestic purposes, its capabilities were known, and, to a 
certain extent, duly appreciated by the ancients ; but they have 
been, in modern times, far more fully developed, and the metal 
and its compounds consequently rendered subservient in a most 
extraordinary degree to the luxuries as well as the wants of our 
contemporaries. Chain-bridges, steam-en^nes, watch-springs, 
an^ magnets, are among the numerous articles constructed of this 
metal, tne invention of which is comparatively of modern date. 

410. Though iron, when pure, requires, to melt it, an extremely 

high temperature, it is susceptible of an imperfect kind of fusion 
at a white heat; for when exposed to that hea^j^ecomes so 
much softened, especially at the surface, that pieces are 

placed in contact, and hammered, they may be most firmly and 
securely united. This operation ia termed weldings and Ae tem- 

E erature at which it is effected, is sometimes called a welding 
eat. 

411. The combustibility of iron has been already noticed.* 

With which of the non-metallic elements does rhodium combine ? — iri- 
dium ? — osmium 7 

(Which of the metals is the most widely diffused ? 

Into what classes of natural productions does iron enter 7 
How r-urly did mihikind employ it for useful purposes ? 

To what purpose is the semi-fluid state of iron applied 7 
What is meant by wdding 7 


♦ See Nofc 171, 172. 
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When it is burnt, either in oxygen gas or atmospheric air, the 
protoxide of iron is formed ; if this compound be exposed to a red 
heat for some hours, it combines with an additional quantity of 
oxygen, and becomes converted into the peroxide. Both the 
oxides combine with water, constituting hydrated oxides of iron. 
Chloride of iron is a brittle, lameller substance, of a gray colour, 
which requires for its fusion a red heat. PerchlorWo of irm is the 
product of the combustion of iron wire in chlorine gas. The 
inetal burns with a red light, forming a compound which sublimes 
ill iridescent brown scales. The*bisulphurut of iron is a native 
mineral, occurring in the stale of gold-coloured crystals, called 
pyrites. Iron combines in variable proportions wiA carbon : 
when the metal is in excess, composing the dilferent kinds of 
steel and cast-iron ; and when the carbon largely exceeds, form- 
ing plumbago. 

4 1 ’2. Nickel . — This is a hard metal, of a white colour, malleable 
and ductile, but dillicuK of fusiqp, and not acted on by atmospheric 
air or water at comq[ion temperatures. Whfti pure it may be 
rendered magnetic, like iron ; and it has heretofere been sometimes 
employed in the construction of magnetic needles. If exposed to 
i[itei«se heat with access of air, it becomes slowly oxidized ; and 
it burns with vivid scintillations in oxygen gas. 

413. Zinc . — ^^riiis metal in appearance resembles lead, but is, 
when untarnished, of a lighter colour. It speedily attracts oxygei^ 
when exposed to air and moisture; and it is easily dissolved by 
acids and alkalies, both in the metallic state and when oxidated. 
It is malleable and ductile when heated to between 210^ and 300® 
Fahrenheit. At about 725®* it melts, and becomes cyrstallized 
on cooling. If exposed to a temperature beyond its melting-point, 
with the access of air, it burns with a bright, bluish dame, form- 
ing the oxide, formerly called dowers of zinc. 

414. Cadmium resembles tin in its sensible properties; and 
wdien heated in atmospheric air forms a sublimate, which condenses 
into a brownish-yellow oxide. The oxides of this as well as the 
three preceding metals, are readily reduced by heat alone to the 
metallic state. 

415. Cerium. — ^I'he protoxide of cerium is a white powder, 
which diders from the oxides of the metals just described, in being 


What two com{x>iinda does it form with dxygen ? 

What is tho appearance of chloride of iron ? 

what is the term pyrites applied ? 

What arc tho chief properties of nickel ? 

WHiat properly has it in common with iron? 

Between whut temperatures is zinc malleable ? 

A!)out what temperatures is that metal said to melt? 

'^Po which of iho other innials is cadmium must nearly allied ? 

By what means are the oxides of iron, nickel, zkic, and cbdiniuin re-« 
duced to tiie metallic state? ^ 


* 658 according to Daniell. 

O 
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tatremely difficult of reduction. The metal itself is but imperfectly 
known. 

416. This is well known to be a heavy, soft, and readily 

fusible metal, which, though malleable and ductile, is deficient in 
tenacity. ‘It soon becomes oxidized when exposed to a moist at- 
mosphere. When heated by means of an oxy hydrogen blowpipe, 
it burns^ with a bluish flame. If melted and kept stirred, so as to 
promote the free access of air, it becomes converted into the pro- 
toxide, a yellow powder, used as a pigment under the name of 
massicot; and in a semi-vitrifie& state it constitutes litharge. The 
brown oxide of lead exhibits the phenomenon of spontaneous com- 
bustion, when it is triturated with sulphur. I.ead in a finely- 
divided state, if thrown into chlorine gas moderately warmed, 
burns with a wdiite flame, and throws off sparks. The product of 
this operation is chloride of lead, which may also be obtained by 
decomposing the solution of lead in nitric acid, by means of chlo- 
ride of sodium, (common salt.) It fuses aL a heat below redness, 
and when cooled dgain, has the appearance of a horny substance, 
whence it was fortnerly named horn lead, (^plumbum cofwmn.) 

^ 417. Copper. — This metal being used for many domestic purposes, 
its physical properties are generally known. It is malleable -und 
ductile beyond most other metals, except gold, silver, platina, and 
iron ; and hence it forms fine wire, and may be beaten into thin 
^aves. It burns brilliantly when heated in the combined llamo 
of oxygen and hydrogen, giving out a dazzling green light. If ex- 
posed to air and moisture, it tarnishes, combining with oxygen to 
lorm a bluish-green rust, (aruffo.) The dcutoxide or peroxide of 
copper is an insipid, black powder. liCaves or filings of copper 
take fire, and burn spontaneously in chlorine gas, forming the 
chloride of copper, a yellowish, slightly transparent substance, 
easily fusible, which has been called resin of copper. If sulphur 
an,** filings of copper be heated together, a sudden and brilliant 
combustion takes place, even when the process is conducted in a 
vacuum.* 

418. Bismuth . — ^This is a light reddish-coloured metal, of a 
lamellar structure, moderately hard, and destitute of malleability. 
It becomes tarnished by exposure to air ; but is not affected by 
water. Its fusibility has been already noticed. If strongly heated 
in the air, it burns with a blue daiiie, forming a yellowish oxide, 
which has been called flowers of bismuth. This substance, like 
the oxide of lead, is fusible and vitrifiable. Finely-divided bismuth 
becomes inflamed when gently heated in chlorine gas, forming a 
gray, granular compound. 

What are the chemical properties of lead ? 

What is the colour of the flame of copper in oxygen ? 

What ofif^ct has chlorine on copper \ 

What ^kes place v.rhen copper in fine particles is heated with sulphur? 
What are the colour and crystalline form of bismuth? 

By what means may the combustion of bismuth be effected ? 


See No. 70. 
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419*^ .This metal is distinguished by its extraordinary 

fusibility, so that it requires a temperature 39® below zero, Fahren* 
heit, to congeal or render it solid. It is in that state malleable and 
ductile, though not to any great extent. It is extremely volatile, 
subliming in some degree at low temperatures ; and atmbout 660® 
it boils rapidly, and may thus be puriRec^ by distillation, like 
water. When heated a little beyond the boiling point, it Incomes 
oxidated ; and if the oxide be exposed to a considerably higher 
temperature, the oxygen is driven off, and the metal revived.* 

420. The chlorides of mercurylire among the most important 

preparations of this metal used in medicine. The first, commonly 
called calomel, may be formed bv exposing the metal fo chlorine 
gas at common temperatures ; but the» usual mode of obtaining 
tliis compound is by decomposing the solution of mercury in nitric 
acid, by means of muriatic acid or chloride of sodium, (common 
salt.) The product is a ponderous white powder, which, when 
exposed to heat, sublimes unaltered. The perchloride of mercury 
is a crystalline substance, which may be procAred by heating the 
metal in chlorine gas fbut it is prepared for used)y boiling together 
sulphate of mercury and common salt. It is well known as a 
powerful poison, under the name of corrosive sublimate. The bi- 
sulphuret of mercury, which occurs as a native mineral, under the 
name of cinnabar, and the same substance artificially produced, af- 
fords a fine scarlet colour for painting. * ^ 

421. tSilver. — ^'riiis metal requires a great heat to melt it ; but by 
a fierce and long continued fire it may be volatilized. It does not 
tarnish in the air from absorption of oxygen ; but, when sulphurous 
vapours are present, its surface becomes tinged with purple from 
the formation of sulphuret of silver; ancf ftie same eftect is produced 
when a silver spoon is dipped in the yolk of an egg, which con- 
tains sulphur. The oxide of silver may be formed by exposing the 
metal to intense heat, with the access of air ; but it is more readily 
obtained by decomposing the nitrate of silver with lime water, 
when it constitutes a tasUdess olive-coloured powder, insoluble 
in water. Chloride of silver has the same horny appearance as chlo- 
ride of lead; and it is therefore called horn silver, {luna cornea.^ 

422. Gold. — ^The most powerful heat of our furnaces has no ef- 
fect on this metal beyond that of fusing it ; but it may be made to 
undergo combustion, and form«a purple oxide, by heating it with 
the dame of an oxy hydrogen blowpipe^ or by means of electricity 

What remarkable property distincuishes mercury from nil other metals 7 

What class of the compounds of this metal are used in medicine 7 

What is the form of corrosive sublimate and what is the common process 
of procuring it 7 

To what purpose is the btsulphuret of mercury applied 7 

What chemical properties of silver can you enumerate? 

What caiisoR the colour given to a silver spoon by pipping iuinthe yolk, 
of an egg ? 

Ilow may gold bo oxidized ? 


♦ *Sce No. 83. 
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It may also be oxidated indirectly by solution in the nitre-muriatic 
acid, (ayua and precipitation by caustic potash or magnesia* 
If the peroxide of gold be dissolved in triuriatic acid, and ammonia 
be employed to precipitate it, a detonating powder {Jiurum Ful-^ 
minmis) be obtained, which explodes when rubbed or heated 

423. IHatina , — metal in a state of purity is the heaviest 
body K'lherto discovered, having nearly 22 times the spi’cific gra- 
vity of water. It is so dinicult of fusion, that it can only be pre- 
pared for use by a complicated process. Hut, like iron, it may be 
welded by hammering the metal 'when intensely healed ; and thus 
vessels and other utensils may be formed, highly valuable for the 
purposes of art, on account of i]ieir relative indestruclibility. Pla- 
tina may be oxidated by creating it with nitro-miuiatic acid and 
alkali, as in the case of gold, or by heating it with nitre, and 
likewise by the influence of electricity. 

424. PalUtdiuin^ lihodium^ Iridium^ and Osmium are metals 
which have been found in comparatively small quantities, mixed 
with crude platin^r, in the state in wliich it appears in commerce. 
Palladium forms hard, durable alloy 'M^ilh gold,wdiich has been 
used in the construction of mathematical instruments : and rhodium 
has been employed for pointing the nibs of pens. Iridium and os- 
mium do not appear to have been applied to any useful purpose; 
nor do the compounds of cither of these four metals require to be 

^further noticed. 

425. Such is an outline of the character and composition of the 
various simple ingredients of which the material world around us 
is composed. It can hardly be expected that we should, in a 
treatise like this, enter into an elaborate statement of all the 
various forms which IheJ present when combined. It will, be- 
sides, be in course to state, when treating of mining, of the methods 
of ascertaining the chemical nature of ores — and, under the head 
of mineralogy, we shall give some brief views of the general con- 
stituents of mineral substances. Hut it wnll be proper here to 
exhibit an application of the principles of chemistry to certain 
other important subjects of which this science is justly regarded 
ns ail indispensable groundwork. These are the chemical com- 
binations found in the vegetable and animal kingdoms, considered 
as separate departments of natural liistory, the nature of soils and 
the character of mineral waters. Previously to the consideration 
of these topics, it will be ^ proper for us to explain some of the 
methods of analysis. 


Analysis* 

42G. This word is applied by chemists to denote that se- 
ries of operations by which the component parts of bodies are 
ITow i8 fiilmiiinting gold procured ? 

What thtj rclaiivc weight of platina compared W’ith other metals ? 
What meclmnical processes may be performed on platina at a high tem- 
pernturo? Ilow may it be combined with oxygen ? 

What use bus been made of the metal palladium ? 
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determined, whether they be merely separated, or exhibited apart 
from each other ; or whether these distinctive properties be exhi* 
biled by causing them to enter into new combinations. 

Ana!f/sis of Earths and Stones, 

427. The first step in the examination ot* indurated earths or 
stones, is somewhat different from that of such as are pul^rulent. 
Their specific gravity should first be examined ; also their hard- 
ness, whether they will strike fir% with steel or can be scratched 
by the nail, or only by crystal, or stones of still greater hardness ; 
also their texture, perviousness to light, and "whethfyr they bo 
manifestly homogeneous or compwnd species, &c. 

428. (2^/.) In some cases we shoulS try whether they imbibe 
water, or whether water can extract any thing from them by ebul- 
lition or digestion. 

{3d.) Whether they be soluble in, or effervesce with acids, be- 
fore or after pulverizStion ; on»whether dcconyiosable by boiling 
in a strong solution «of potash, &c. as gypsums and ponderous 
spars are. • 

• (4///.) Whether they detonate with nitre. 

(5//«.) Whether they yield the fluoric acid by distillation with 
sulphuric acid or ammonia, by distilling them with potash. 

(0//i.) Wliether they bo fusible perse with ajijlowpipe, and how 
they are affected by soda, borax, and inicrocosmic salt; aml» 
whether they decrepitate when gradually heated. 

(jth.) iStones that melt per sc with the blowpipe are certainly 
compound, and contain at least three species of earth, of which 
the calcareous is probably one ; and ^#thcy give fire with steel, 
the sileceous is probably another. 

42*J. Of the primary earths, only four are usually met with in 
minerals, viz. silica, alumina, magnesia, and lime, associated with 
some metallic oxides, which are commonly iron, manganewe, 
nickel, copper, and chromium. 

430. If neither acid nor alkali be expected to be present, the 
mineral is niix<^d in a silver crucible, with thrice its weight of 
pure potash and a little water. Heat is gradually applied to the 
covered crucible, and is finally raised to redness ; at which tem- 
perature it ought to be maintained for an hour. If the mass, on 
inspection, be a perfect glass, ^lica may be regarded as the chief 
constituent of the stone ; but if the vitfification be very imperfect, 
and the bulk much increased, alumina may be supposed to predo- 
minate. A brownish or dull green colour indicates the presence 
of iron ; a bright grass-green, which is imparted to water, that of 

IIow is the term annl3^His applied by chemIsiH ? 

What is the flrat stef) in the examination of stones or earths? ^ 

What are the several prooesscs after the gravity and hardness of a mi- 
neral have been ascertained. • * 

flow many of the primary earths usually occur in minerals ? 

In what manner are minerals destitute of acids and alkalies to be treated? 

How is the presence of silica indicated in the course of an analysis ? 

o 2 



162 


CIIKMISTRY. 


manganese ; and from a greenish-yellow, chromium may be eX 
pected. The crucible, still a little hot, being first wiped, is put 
into a ‘capsule of porcelain or platinum ; when warm distilled 
water is poured upon the alkaline earthy mass, to detach it from 
the cruciblo. Having transferred the whole of it into the capsule, 
muriatic acid is poured on, and a gentle heat applied, if necessary, 
to accomplish its solution. If the liquid be of an orangc-red 
colour, we infer the presence of iron ; if of a golden-yellow, that 
of chromium ; and if of a purplish-red, that of manganese. 

431. The solution is next to be evaporated to dryness on a sand 
bath, or over a lamp, taking care so to regulate the heat that no 
particles tfe thrown out. Towards the end of the evaporation, it 
assumes a gelatinous consistence. At this period it must be 
stirred frequently with a platinum spatula or glass rod, to promote 
the disengagement of the muriatic acid gas. After this, the heat 
may he rais('d to fully 212° F. for a few minutes. 

432. Ilut water is now to be pqjired on »in considerable abun- 
dance, which dissolves every thing except the silica. By filtra- 
tion, this earth is a'^paratod from the liquid'; and being washed 
with hot water, it is tlien dried, ignited, and weighed. It consti- 
tutes a fine white powder, insoluble in acids, and feeling gritty 
between the teeth. If it be coloured, a little dilute muriatic acid 
must be digested on it, to remove the adhering mcjtallic particles, 
which must be add«.d to tlie first solution. This must now be re- 
duced by evaporation to the hulk of half a pint. Carbonate of 
potash being then added till it indicates alkaline excess, the liquid 
must be made to boil for a little. A copious precipitation of the 
earth and oxide is thus produced. The whole is tlirown on a 
filter, and after it is so dnVhted as to assume a semi-solid consist- 
€5nce, it is^ removed by a platinum blade, and boiled in a capsule 
for some time, with solution of pure potash. Alumina and glu- 
cina are thus dissolved, while the other earths and the metallic 
oxides remain. 

433. This alkalino-earthy solution, separated from the rest by 
filtration, is to be treated with an excess of muriatic acid ; after 
which carbonate of amiiionia being added also in excess, the 
alumina is thrown down, while the glucina continues dissolved. 
The first earth separated by filtration, washed, dried, and ignited, 
gives the quantity of alumina. Tim nature of this may be further 
demonstrated, by treating it, with dilute sulphuric acid and sul- 
phate of potash, both in equivalent quantities, when the whole 
will be converted into alum. The filtered liquid will deposit its 
glucina, on dissipating the ammonia by ebullition. It is to bo 
separated by filtration, to be washed, ignited, and weighed. 

434. The mingled metallic oxides must be digested with abun- 
daRce of nitric acid, to acidify the chromium. The liquid is next 
treated with potash, which forms a soluble chromate, while it 

ITow is the presence of iron inferred ? 

Hew uru oarlhy luuleriulN Hcpurulod from the solution ofailiinerul ? 
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throws down the iron and nickel. The chromic acid may be se- 
parated from the potash by muriatic acid and digestion with heat, 
washed, dried till it becomes a green oxide, and weighed. The 
nickel is separated from the iron, by treating their solution in 
muriatic acid with water of ammonia. The latter (jjcide, which 
falls, may be separated by the iiltor, drjpd, and weighed, liy 
evaporating the liquid, and exposing the dry residue to a federate 
heat, the ammoniacal salt will sublime, and leave the oxide of 
nickel behind. The whole separate weights must now be col- 
lected in one amount, and if they^onstitute a sum within two per 
cent, of the primitive weight, the analysis may be regarded as 
giving a satisfactory account of the composition of the mineral. 
Hut if the deficiency be considffilblai then some volatile ingre- 
dient, or some alkali or alkaline salt, may be suspected. 

435. A portimi of the mineral, broken into small fragments, 
is to be ignited in a porcelain retort, to which a refrigerated re- 
ceiver is fitted. Tha water, or other volatile or condensable mat- 
ter, if any be present, will UAs be obtained •% But if no loss of 
weight be siislaiiied^liy ignition, alkali, or a v^platile acid, may bo 
looktMl for. The latter is usually the fluoric. It may be expelled 
^oy digestion with sulphuric acid. It is exactly characterized by 
its property of corroding glass. 

430. Beside this general method, some others may be used in 
particular cases. Thus, to discover a small {proportion of alumina 
or magnesia in a solution of a large quantity of lime, pure ammfl- 
nia may bo applied, which will precipitate the alumina or magne- 
sia, (if any there be,) but not the lime. Distilled vinegar apfHied 
to the precipitate will discover whether it be alumina or magnesia. 

437. (2/f///.) A minute portion of Jftne or baryta, in a solution 
of alumina or magnesia, may be discovered by llie sulphuric acid, 
which precipitates the lime and baryta : the solution should be 
dilute, else the alumina also would be precipitated. If there bo 
not an excess of acid, tlie oxalic acid is still a nicer test of l^me. 

43S. (3<'//y.) A minute proportion of alumina in a large quantity 
of magnesia may be discovered, either by precipitating the whole 
and treating it with distilled vinegar ; or by heating the solution 
nearly to ebullition, and adding more carbonate of magnesia until 
the solution is perfectly neutral, which it never is when alumina 
is contained in it, as this Tcqi^ircs an excess of acid to keep it in 
solution. 

431). (iM/y.) A minute portion of magnesia in a large quan- 
tity of alumina, is best separated by preci])itating the whole, and 
treating the precipitate with distilled vinegar. 

ITow nre nickel and iron separated ? 

Tlow is tlic presence of fluoric acid detected in the course of an analysis f 

What lest delects tlio presence of alumina or magnesia in a large cjban- 
tity of lime ? • * • 

How is a small proportion of alumina known to exist in a 4urge quan- 
tity of magnesia ? 
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440. {LastlyS) Lime and baryta are separated by precipitating 
both with the sulphuric acid, and evaporating the solution to a small 
compass, pouring off the liquor, and treating the dried precipitate 
with 600 times its weight of boiling water : what remains undis* 
solved is sqjphate of baryta. 

441. Sir H. Davy observes, that boracic acid is very useful in 
analyzirj^ stones that contain a fixed alkali ; as its attraction for 
the diOerent earths at the heat of ignition is considerable, and the 
compounds it forms with them are easily decomposed by the 
mineral acids dissolved in watert Lately, carbonate or nitrate of 
baryta, and carbonate with nitrate of lead have been introduced 
into miners analysis with great advantage, for the fluxing of 
stones that may contain alkalid? matter. 

Vegetable Kingdom^ 

442. The principles of which vegetables are composed, if we 
pursue their analysis as far as our ireans haVe hitherto allowed, 
are chiefly carbon, ifydrogen and oxygen. Nitrogen is a consti- 
tuent principle of se^'eral, but for the most part in small quantity. 
Potash, soda, lime, magnesia, silex, alumina, sulphur, phospho-- 
rus, iron, manganese, and muriatic acid have likewise been 
reckoned in the number ; but some of these occur only occasionally, 
and chiefly in very small quantities ; and are scarcely more entH 
tlad to be considerell as belonging to them than gold, or some 
other substances that have been occasionally procured from their 
decomposition. 

443. The following are the principal products of vegetation 

(1.) Sugar. Crystallize^; soluble in water and alcohol ; taste 

sweet; soluble in nitric acidT, and yields oxalic acid. 

(2.) SarcocolL Does not crystallize; soluble in water and 
alcohol; taste bitter sweet; soluble in nitric acid, and yields 
oxalic acid. 

(3.^ Mparagin. Crystallizes ; taste cooling and nauseous ; 
soluble in hot water; insoluble in alcohol; soluble in nitric acid, 
and converted into bitter principle and artificial tannin. 

4-14. (4.) Gum. Docs not crystallize ; taste insipid ; soluble 
in water, and forms mucilage; insoluble in alcohol ; precipitated 
by silicated potash ; soluble in nitric acid, and forms mucous and 
oxalic acids. * 

(6.) Ulmin. Does not crystallize ; taste insipid ; soluble in 

How are lime and baryta separated ? 

For what purpose is boracic acid useful in analysis ? 

For what analyses are carbonates and nitrates of bury ta and lead useful ? 

What are the simple substances chiefly employed in the composition of' 
vegetables ? 

Wllat earthy and metallic ingredients are occasionally met with in ve- 
goiable substaTices ? • 

What nrethe properties of sugar, sarcocoll, and asparagin ? 

What common properties have gum and ulmin 7 
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water, and does not form mucilage ; precipitated by nitric and 
hydrochloric acid in the state of resin ; insoluble in alcohol. 

((5.) Inulin. A white powder ; insoluble in cold water ; solu- 
ble in boiling water; but precipitates unaltered after the solution 
cools; insoluble in alcohol; soluble in nitric acid, ^^nd yields 
oxalic acid. 

445. (7.) Starchy A white powder; taste insipid; i^oluble 
in cold water; soluble in hot water; opaque and glutinous; pre- 
cipitated by an infusion of nut-galls ; precipitate re-dissolved by 
a heat of 120^ ; insoluble in alcotibl ; soluble in dilute nitric acid, 
and precipitated by alcohol ; with nitric acid yields oxalic acid 
and a waxy matter. * 

(8.) Indigo. A blue powder, ^ste msipid ; insoluble in water, 
alcohol, ether ; soluble in sulphuric acid; soluble in nitric acid, 
and converted into bitter principle and artificial tannin. 

(9.) Gluten. Forms a ductile elastic mass with water; par- 
tially soluble in watei*; precipitated by infusion of nut-galls and 
oxygenized muriatic acid ; soluble in acetic^ acid and muriatic 
acid ; insoluble in alcohol ; by fermentation becomes viscid and 
adhesive, and then assumes the properties of cheese ; soluble in 
nitric acid, and yields oxalic acid. 

44G. (10.) JUbumen. Soluble in cold water ; coagulated by 
heat, and becomes insoluble ; insoluble in alcohol ; precipitated 
by infusion of nut-galls; soluble in nitric acid; soon putrefies. 

Fibrin. Tasteless ; insoluble in water and alcohol ; so- 
luble in diluted alkalies, and in nitric acid ; soon putrefies. 

(12.) Gelatin. Insipid; soluble in water ; does not coagulate 
when heated ; precipitated by infusion of galls. 

(13.) Bitter principle. Colour yell6lV or brown ; taste bitter; 
equally soluble in water and alcohol ; soluble in nitric acid ; pre- 
cipitated by nitrate of silver. 

447. (14.) Extractive. Soluble in water and alcohol ; insoluble 
in ether; precipitated by oxygenized muriatic acid, muriate^ of 
tin, and muriate of alumina ; but not by gelatin ; dyes fawn colour. 

(15.) 'Fannin, Taste astringent; soluble in water and in alco- 
hol of sp. grav. 0.810 ; precipitated by gelatin, muriate of alumina, 
and muriate of tin. 

(IG.) Fixed oils. No smell ; insoluble in water and alcohol ; 
form soaps with alkalies ; coagulated by earthy and metallic salts. 

(17.) T'Vax. Insoluble in water; soluble in alcohol, ether, and 
oils ; forms soap with alkalies ; fusible. 

448. (18.) Volatile oil. Strong smell; insoluble in water; 
soluble in alcohol ; liquid ; volatile ; oily ; by nitric acid inflamed, 
and converted into resinous substances. 

What ilifTercnce of properties exists between iniilin and starch? 

What are the pciru I far properties of indigo? What are the distinctive 
characters of gluten ? How are albumen, fibrin, and*gelatin disl^guished^ 

Give the respective distinctive characters of bitter princmlo, exuactive, 
and tannin. What are tho marked differences between fixed oils, wax, 
and volatile oils ? 
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(19.) Camphor. Strong odour; crystallizes; very little soluble 
in water; soluble in alcohol, oils, acids; insoluble in alkalies; 
biirna vrith a clear dame, and volatilizes before melting. 

(90*) Birdlime. Viscid; taste insipid; insoluble in water; 
partially soluble in alcohol ; very soluble in ether ; solution green. 

449. (2?i.) Resins, Solid; melt when heated; insoluble in 
water; soluble in alcohol, ether, and alkalies; soluble in acetic 
acid ; Uy nitric acid converted into artificial tannin. 

(22.) Guaiacum, Possesses the characters of resins; but dis- 
solves in nitric acid, and yieldc oxalic acid and no tannin. 

(23.) Balsams. Possess the characters of the resins, but have 
a strong emell ; when heated, benzoic acid sublimes ; it sublimes 
also when they arc dissolved >in sulphuric acid; by nitric acid 
converted into artificial tannin. 

450. (24.) Camitchoi/c, Very elastic ; insoluble in water and 

alcohol ; when steeped in ether, reduced to a pulp, which ad- 
heres to every thing ; fusible, and remains, liquid ; very combus- 
tible. p 

(25.) Gum resins. Form milky solution'^ with water, transpa- 
rent with alcohol ; soluble in alkalies ; with nitric acid converted 
into tannin ; strong smell ; brittle, opaque, infusible. 

(26.) Coifon. Composed of fibres; tasteless; very combusti- 
ble ; insoluble in water, alcohol, and ether ; soluble in alkalies ; 
yields oxalic acid apd nitric acid. 

451. (27.) Suber. Burns bright and swells ; converted by 
nitric acid into suberic acid and wax ; partially soluble in water 
and alcohol. 

(28.) Wood. Composed of fibres, tasteless ; insoluble in water 
and alcohol ; soluble in v eak alkaline lixivium ; precipitated by 
acids; leaves much charcoal when distilled in a red heat; soluble 
in nitric acid, and yields oxalic acid. 

452. To the preceding we may add, emetin, fungin, hematin, 
nicdtin, pollenin, solanine, catfein, narcotine ; the new vegetable 
alkalies, aconita, atropia, brucia, cinch onia, cicuta, datura, delphia, 
hyosciama, morphia, picrotoxia, quinia, corydalia, guarania, stron- 
tia, veratria ; and various vegetable acids. 

MM. Dumas and Pelletier have published a memoir on the ele- 
mentary composition and certain characteristic properties of the 
organic salifiable bases (vegeto-alkalies.) The following is a 
tabular view of the relations of carbon and azote in these alkadine 
bodies. 


What are the distinctive characters of camphor? bird-lime ? 

What similarities and what difierences are remarked between resins and 
balsams 7 

J7.0W are gum resins characterized 7 
^ In what substances is cotton soluble? 

What pr«dtict does it yield when tested with nitric acid 7 
In what substances is suber soluble ? in what is wood soluble ? 
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Carbonic acid. Azote* 

Quinia, 

100 

6.1 

Cinchonia, 

Strychnia, 

100 

5.0 

100 

4.9 

Narcotine, 

100 

* 4.5 

Brucina, 

100 

. ^ 5.0 

Morphia, 

100 

. 3%2 

Veratria, 

100 

• 3.2 

Emetin, 

100 

3.1 

Caffein, 

100 

. 20.0 


Analysis of Vegetahlesm 

453. The analysis of vegetables reqiitres various manipulations 
and peculiar attention, as their principles are extremely liable to 
be altered by the processes to which they are subjected. It was 
long* before this analysis was brought to any degree of perfection. 

454. Some of the immediate materials of vegetables are sepa- 
rated to our hands nature in a state of greSter or less purity ; 
as the glims, resins, and balsams, that exude from plants. The 

» expressed juices contain various matters that may be separated 
by the appropriate reagents. Maceration, infusion, and decoction 
in water, take up certain parts soluble in this menstruum ; and 
alcohol will extract others that water will not dissolve. 

455. As the ultimate constituents of all vegetable substance^ 
are carbon, hydrogen, and oxygen, with occasionally azote, the 
problem of their final analysis resolves into a method of ascer- 
taining the proportion of these elementary bodies* MM. Gay 
Lussac and Thetiard contrived a very elegant apparatus for vege- 
table and animal analysis, in which thS matter in a dried state was 
mixed with chlorate of potash, and formed into minute pellets. 
These pellets being projected through the intervention of a stop- 
cock of peculiar structure into an ignited glass tube, were instantly 
resolved into carbonic acid and water. The former product ^as 
received over mercury, and estimated by its condensation with 
potash ; the latter was intercepted by ignited muriate of lime, and 
was measured by the increase of weight which it communicates 
to this substance. By previous trials, the quantity of oxygen 
which a given weight of the chlorate of potash yielded by igni- 
tion was known ; and hence ^the carbon, hydrogen, and oxygen, 
derived from the organic substance, i^s well as the residual azote 
of the gaseous products were determined. 

456. M. Berzelius modified the above apparatus, and employed 
the organic products in combination with a base, generally oxide 
of lead. He mixed a certain weight of this neutral compound 
with a known quantity of pure chlorate of potash, and triturated 
the whole with a large quantity of muriate of soda, for the )iur- 

What proportions have the ve^eto-alkalies been found tCL.contain of 
carbonic: acid and azote ? What circumstance renders vegetable analysis 
more difiiciilt than that of minerals ? 

What is the great question to be solved in the analysis of vegetables ? 

How did Gay Lussac and Thenard execute their enalyses ? 
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S ose of moderating the subsequent combustion. This mingled 
ry powder is put into a glass tube about half an inch in diameter, 
and eight or ten inches long, which is partially enclosed in a fold ^ 
of tin-plate, hooped with iron wire. One end of the tube is her- .- 
metically sealed beforehand, the other is now drawn to a pretty 
fine point by the blowpipe. This termination is inserted into a 
glass globe about an inch in diameter, which joins it to a long . 
tube obtaining dry muriate of lime in its middle, and dipping at ? 
its other extremity into the mercury of a pneumatic trough. Tlie 
first tube, with its protecting tin jase, being exposed gradually to ig- 
nition, the enclosed materials are resolved into carbonic acid, water, 
and azote,«which come over, and are estimated as above described. 

457. M. Gay Lussac h^^ iiiCre recently employed peroxide of 
copper to mix with the organic substance to be analyzed ; because, 
while it yields its oxygen to hydrogen and carSon, it is not acted 
on by azote ; and thus the errors resulting from the formation of 
nitric acid with the chlorate of potash are avoided. Berzelius has 
afforded satisfactOTj evidence by his analyses, that the simple ^ 
apparatus which Im employed is adequate' to every purpose of 
chemical research.* 

Animal Kingdom. 

458* Animal bodies may be considered as peculiar apparatus 
for carrying on a determinate series of chemical operations. Ve- 
getables seem capable of opcirating with fluids only, and at the 
temperature of the atmosphere. But most animals have a provi- 
sion for mechanically dividing solids by mastication, which an- 
swers the same purpose as grinding, pounding, or levigation does 
in our experiments ; that is to say, it enlarges the quantity of sur- 
face to be acted upon by solvents. 

45f^. The process carried on in the stomach appears to he of the 
same kind as that which we distinguish by the name of digestion ; 

^Vhat method did Berzelius employ to obtain and estimate the compo- 
nonts of vegetable matter 7 
In what light may animal bodies be considered ? 

* Perhaps one of the most curious substances of a vegetable character 
that has hitherto been analyzed, is the inflammable snow which fell on the 
llth of April, 1832, not far from Wolokalamsk, and covered a consider- 
able extent of ground to the depth of one or two inches. This substance 
was of a yellowish tint, transparent, soft, and elastic; insipid, but having 
the odour of rancid oil. Its sp. grav. was 1.1. It melted when heated in 
Q close vessel, and yielded, by distillation, tlie usual products of vegetable 
substances, leaving a brilliant charcoal. It burned with a bine flame, 
without smoke ; was insoluble in cold water, but melted and floated on 
the surface of boiling water; was dissolved by boiling alcohol, and in car- 
bonate of soda, and acids, and threw down from . this latter solution a yel- 
low viscid substance, soluble in cold alcohol, and which contained a- pe- 
culiar acid. The analysis by means of the oxide of copper, gave from 
this substance — 

Carbon, 0.615. ) 

Hydrogen, 0.070. ^ 1.000. 

Oxygen, 0.315. y - 

M. Herman, who analyzed this substance, gave it the name of oil of 
heaven. This material is supposed to be the pollen of pine or fir trees. £d 
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and the bowels, whatever other uses they may serve, evidently 
i form an apparatus for filtering or conveying off the fluids ; while 
. the more solid parts of the aliments, which are probably of such 
a nature as not to be rendered fluid, but by an alteration which 
would perhaps destroy the texture of the machine itself, are re < 
jected as uscuess. • 

460. When this Altered fluid passes into the circulator^eressels, 
through which it is driven with considerable velocity by the me- 
' chanical action of the heart, it is subjected not only to all those 
changes which the chemical actidh of its parts is capable of pro- 
fducing, but is likewise exposed to the air of the atmosphere in 
the lungs, into which that elastic fluid is admitted b/ the act of 
respiration. Here it undergoes l^hange of the same nature as 
happens to other combustible bodies, when they combine with its 
vital part, or oxygen. This vital part becomes condensed, and 
combines with the blood, at the same time that it gives out a large 
quantity of heat, in consequence of its own capacity for heat 
being diminished. A small portion of azote likewise is absorbed, 
and carbonic acid is given out. 

V 461. Some curious experiments of Spallanzani show, that the 
lungs are not the sole ormns by which these changes are effected. 
Worms, insects, shells of land and sea animals, egg shells, fishes, 
dead animals, and parts of animals, even after they have become 
putrid, are capable of absorbing oxygen from the air, and giving^ 
out carbonic - acid. They depnve atmospheric air of its oxygen 
as completely as phosphorus. Shells, however, lose this property 
when their organization is destroyed by age. Amphibia, deprived 
of their lungs, lived much longer in the open air, than others in 
air destitute of oxygen. It is remarkable, that a larva, weighing 
a few grains, would consume almost as much oxygen in a given 
. time, as one of the amphibia a thousand times its bulk. 

462. The following are the peculiar chemical products of ani- 
mal organization : — Gelatin, albumen, fibrin, fat, caseous matAr, 
colouring matter of blood, mucus, urea, picromel, osmazome, 
sugar of milk, and sug^r of diabetes. The compound animal 
products are the various solids and fluids, whether healthy or 
morbid, that are found in the animal body ; such as muscle, skin, 
bone, blood, urine, bile, morbid concretions, brain, &c. 

463. When animal substances are left exposed to the air, or 
immersed in water or other nuids, they suffer a spontaneous 
change, which is more or less rapid adbording to circumstances. 
The spontaneous change of organized bodies is distinguished by 
the name of fermentation. In vegetable bodies there are distinct 
stages or periods of this process, which have been divided into 

Whet chemical office does the stomach of animals perform ? ^ 

Into what vessels do the liquids jiUered by the alimentary canals next po^ 

What curious facts has Spallanzani observed in regard to the. r^piration 
of animals ? What are the products of the processes performed the or- 
gans of ai imals ? 

How is the decomposition of animal substances naturally effected? 
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the vinous, acetous, and putrefactive fermentations. ^ Animal sub-, 
stances are susceptible only of the two latter, during which, as 
in all other spontaneous changes, the combinations of chemical 
principles become in general more and more simple. There is no 
doubt but Eiuch instruction might be obtained from accurate ob- 
servations of the putr<«factive processes in all their^several varie- 
ties an(^ situations ; but the loathsomeness and danger attending 
on such inquiries have hitherto greatly retarded our progress in 
this department of chemical science. 

Sotlsm ^ 

464. TIfe soil or earth in which vegetables grow varies con- 
siderably in its composition, oi in the proportions of the different 
earths of which it consists ; and some plants are found to thrive 
best in one kind of soil, others in another. 

465. In cases where a barren soil is examined with a view to 
its improvement, it ought in all cases, if possible, to be compared 
with an extremelyffertile soil in tile same neighbourhood, and in 
a similar situation : the difference given by their analyses would 
indicate the methods of cultivation, and thus the plan of improve-^ 
ment would be founded upon accurate scientific principles. 

466. If the fertile soil contained a large quantity of sand, in 
proportion to the barren soil, the process of melioration would 

^depend simply upT>n a supply of thts substance ; and the method 
would be equally simple with regard to soils deficient in clay or 
calcareous matter. 

467- In the application of clay, sand, loam, marl, or chalk, to 
lands, there are no particular chemical principles to be observed ; 
but when quicklime is used, great care must be taken, that it is 
not obtained from the magnesian limestone; for in this case, as has 
been shown by Mr. Tennant, it is exceedingly injurious to land. 
The magnesian limestone may be distinguished from the common 
lifkiestone by its greater hardness, and by the length of time that 
it requires for its solution in acids ; and it may be analyzed by 
the process for carbonate of lime and magnesia. 

468. When the analytical comparison indicates an excess of 
vegetable matter as the cause of sterility, it may be destroyed by 
much pulverization and exposure to air, by paring and burning, 
or the agency of lately-made quicklime. And the defect of ani- 
mal and vegetable matter must be^'supplied by animal or vegetable 
inaiiiire. 

469. The general indications of fertility and' barrenness, as found 
by chemical experiments, must necessarily differ in different cli- 

Thmn^h how many stages of fermenlation do vegetable and how many 
do animal substances pass during dccom{X>sitioii ? 

^ In what manner ought soils to be compared with a view to improve- 
mnnts in .their rommisition ? 

What example or alteration in soil may illustrate this point? 

Whnr precaution is to be used in attempting to improve soils by means 
of lime ? 

How is an excess of vegetable mould in any given soil to bo obviated t 

How is its deficiency to be supplied ? 
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mates, and under different circumstances. The power of soils to 
absorb moisture, a principle essential to their productiveness, ought. 
to be much greater in warm and dry countries than in cold and 
moist ones ; and the quantity of fine aluminous earth they contain 
should be larger. Soils likewise that are situate oif declivities 
ought to bo itiore absorbent than those in* the same climate on 
plains or in valleys. • 

470. The productiveness of soils must likewise be influenced 
by the nature of the sub-soil, o^ the earthy or stony strata on 
#which they rest ; and this circumstance ought to be particularly 
attended to, in considering their chemical nature, and 4he system 
of improvement. Thus a sandy ^lAil may owe its fertility to the 
power of the sub-soil to retain water? and an absorbent clayey 
soil may occasionally be prevented from being barren, in a moist 
climate, by the influence of a sub-stratum of sand or gravel. 

471 . Those soils that are most productive of corn, contain always 
certain proportions of aluminous or calcarecms earth in a finely 
divided state, and a qprtain quantity of vegetame or animal matter. 

Mr. Tillet, in some experiments made on the composition of 
soils at Paris, found, that a soil composed of three-eighths of clay^ 
two-eighths of river sand, and three-eighths of the parings of lime- 
stone, was very proper for wheat. 

472. In general, bulbous roots require a 8oll«much more sandy, 
and less absorbent, than the grasses. A very good potato soil^ 
from Varsel, in Cornwall, afforded seven-eighths of siliceous sand ; 
and its absorbent power was so small, that 100 parts lost only 2 
by drying at 400^ Fahrenheit. 

Plants and trees, the roots of which ^re fibrous and hard, and 
capable of penetrating deep into the larth, wull vegetate to ad- 
vantage in almost all common soils that are moderately dry, and 
do not contain a very great excess of vegetable matter. 

473. From the great difference of the causes tliat influence jlie 
productiveness of lands, it is obvious, that in the present state of 
science no certain system can be devised for their improvement, 
independent of experiment ; but there are few cases, in which the 
labour of analytical trials will not be amply repaid by the cer- 
tainty with which they denote the best methods of melioration ; 
and this will particularly happen, when the defect of composition 
is found in the proportions of fhe primitive earths. 

474. In supplying animal or vegetable manure, a temporary 
food only is provided for plants, which is in all cases exhausted 
by mdans of a certain number of crops ; but when a soil is ren- 

What principle is essential to the productiveness of soils ? 

What influence may the rock over which any soil lies exercise on ira 
productiveness? What example may be adduced of this fact? 

What ingredient seems peculiarly favourable to the production %f 
grain? , • • 

What composition did Tillet find adapted to this purpose ? 

What soil is best adapted to bulbous roots 7 
« What advantage do trees possess in regard to variety of soils ? 

Under what circumstances may we expect the greatest advantages from 

studying the chemical composition of soils ? • 



CHEMISTRY. 


lys 

dered of the best possible constitution and texture with regard to 
its earthy parts, its fertility may be considered as permanently 
establishea. It becomes capable of attracting a very large portion 
of vegetable nourishment from the atmosphere, and of producing 
its crops wifli comparatively little labour and expense. 

Analysis of Soils, 

475. The substances found in soils are certain mixtures or com- 
binations of some of the primit^e earths, animal and vegetable 
matter in a decomposed state, certain saline compounds, and the i 
oxide of iron. These bodies always retain water, and exist in 
very different proportions in dk^rent lands, and the end of ana- 
lytical experiments is the dStection of their quantities and mode 
of union. 

The earths commonly found in soils are principally silex, or the 
earth of flints ; alumina or the pure matter of clay ; lime, or cal- 
careous earth ; and jaagnesia. * 

476. Animal decomposing matter existsi. in different states, 
contains much carbonaceous substance, volatile alkali, inflamma- 
ble aeriform products, and carbonic acid. It is found chiefly iiT 
lands lately manured. Vegetable decomposing matter usually 
contains still more carbonaceous substance, and differs from the 
preceding, principally, in not producing volatile alkali* It forms 

great proportion of all peats, abounds in rich mould, and is 
found in larger or smaller quantities in all lands. 

477. The saline compounds are few, and in small quantity : 
they are chiefly muriate of soda, or common salt, sulphate of 
magnesia, muriate and sulphate of potash, nitrate of lime, and the 
mild alkalies. Oxide of Iron, which is the same with the rust 
produced by exposing iron to air and water, is found in all soils, 
but most abundantly In red and yellow clays, and red and yellow 
silkeous sands. 

47B. The instruments requisite for the analysis of soils are few. 
A pair of scales capable ot holding a quarter of a pound of com- 
mon soil, and turning with a single grain when loaded ; a set of 
weights, from a quarter of a pound troy to a grain ; a wire sieve, 
coarse enough to let a pepper-corn pass through ; an Argand lamp 
and stand ; a few glass bottles, Hessian crucibles, and cbina or 
queen's ware evaporating basin ; a^wedgwood pestle and mortar; 
some filters made of half assheet of blotting paper, folded so as 
to contain a pint of liquid, and greased at the edges ; a bone knife ; 
and an apparatus for collecting and measuring aeriform fluids. 

Why is it more important to ascertain a defect in soils with regard to 
the primitive earths than to the vegetable or aninud ingredients 7 

What variety of substances enter into the composition of soils? 

What four earths exist in the greatest abundance in soils 7 
' On what lands is animal matter usually found 7 

Of whal^ substances is it found to consist ? 

How do the vegetable differ from the animal components of soils? 

What are the saline ingredients of soils? 

What metallic oxide exists in them 7 

With what chemical apparatus may soils be analyated 7 
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479. The reagents necessarjr are muriatic acid, sulphuric acid, 
pure volatile alkali dissolved in water, solution of prusshite of 
potash, soap lye, and solutions of carbonate of ammonia, muriate 
of ammonia, neutral carbonate of potash, and nitrate of ammonia. 

(I.) When the general nature of the soil of ajield is to be 
ascertained^^ specimens of it should be tak^n from different places, 
two or three inches below the surface, and examined ^ to the 
similarity of their properties. It sometimes happens, that on 

E ' IS the whole of the upper stratum of the lands is of the same 
, and in this case one analysis will be sufficient. But in val- 
leys, and near the beds of rivers, there are very great differences, 
and it now and then occurs, that one part of a field is calcareous, 
and another part siliceous ; in tffiS vid analogous cases, the por- 
tions different from each other should be analyzed separately. 
Soils, when collected, if they cannot be examined immediately, 
should be preserved in phials, quite filled with them, and closed 
with ground glass si^opples. 

480. The most convenient1|[uantity for a pftrfect analysis is from 
two hundred grainfi to four hundred. It slipuld be collected in 
dry weather, and exposed to the air till it feels dry. Its specific 
gravity may be ascertained, by introducing into a phial, which 
will contain a known quantity of water, equal bulks of water and 
of the soil ; which may easily be done by pouring in water till 
the phial is half full, and then adding the sbil till the fluid rises 
to the mouth. The difference between the weight of the waftr 
and that of the soil will give the result. Thus, if the bottle will 
contain four hundred grains of water, and gains two hundred grains 
when half filled with water and half with soil, the specific gravity 
of the soil will be 3 ; that is, it wilUIpe twice as heavy as water : 
and if it gained one hundred and sixty-five grains, its specific 
gravity would be 1825, water being 1000. It is of importance 
that the specific gravity of a soil should be known, as it affords 
an indication of the quantity of animal and vegetable matter it 
contains ; these substances being always most abundant in the 
lighter soils. The other physical properties of soils should like- 
wise be examined before the analysis is made, as they denote, to 
a certain extent, their composition, and serve as guides in direct- 
ing the experiments. Thus, siliceous soils are generally rough to 
the touch, and scratch glass yrhen rubbed upon it ; aluminous soils 
adhere strongly to the tongue, and emit a strong earthy smell 
when breathed upon ; and calcareous soils are soft, and much less 
adhesive than aluminous soils. 

481. (2.) Soils, when as dry as they can be made by exposure to 
the air, still retain a considerable quantity of water, which adheres 

What rhomical loats are required ? 

In wlint manner ought specimens of soil lor examination to bo collScted 
and preserved ? • 

In what manner is the specific gravity of soils ascertained < 

Wliy is this step important 7 

What otlicr physical properties are to bo tried ? 

p 2 
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withftreat obstinacy to them, and cannot be driven off without 
heat : and the first process of analysis is to free Uiem 
frorn' ics much of this water as possible, without affecting iheir 
composition in other respects. This may be done by heating the 
soil for ten di twelve minutes in a china basin over an Ajgand 
lamp, at a temperature ^qual to 300^ F. ; and if a theimometer be 
not used^ the proper denee of heat may easily be ascertained by 
keeping a piece of wood in the basin in contact with its bottom ; 
for as long as the colour of the wood remains unaltered, the heat 
is not too nigh ; but as soon as it begins to be charred, the process 
must be stopped. In several experiments, in which Sir H. Davy 
collected the water that came owe at this degree of heat, he found 
it pure, without any sensible quantity of other volatile matter being 
produced. The loss of weight in this process must be carefully 
noted ; and if it amount to 50 grains in 400 of the soil, this may 
be considered as in the greatest degree absorbent and retentive of 
w’ater, and will generally be found to contaii. a large proportion 
of aluminous earth. If the loss be not more than 10 or 20 grains, 
the land may be considered as slightly absorbent and retentive, 
and the siliceous earth as most abundant. 

482. (3.) None of the loose stones, gravel, or large vegetable 
fibres, should be separated from the soil, till the water is thus ex- 
pelled ; for these bodies are often highly absorbent and retentive, 
ar|l consequently infiuence the fertility of the land. But after the 
soil has been heated as above, these should be separated by the 
sieve, after the soil has been gently bruised in a mortar. The 
weights of the vegetable fibres or wood, and of the gravel and 
stones, should be separately noted down, and the nature of the latter 
ascertained : if they be calcareous, they will effervesce with acids; 
if siliceous they will scratch glass ; if aluminous, th^ will be 
soft, easily scratched with a knife, and incapable of efiervescing 
with^aeids. 

483. (4.) Most soils, besides stones and gravel, contain larger 
or smaller proportions of sand of different degrees of fineness ; 
and the next operation necessary is to separate this sand from the 
parts more minutely divided, such as clay, loam, marl, and vege- 
table and animal matter. This may be done sufficiently by mixing 
the soil well with water; as the coarse sand will generally fall to 
the bottom in the space of a minute, and the finer in two or three : 
so that by pouring the water pff after one, two, or three minutes, 
the sand will be, for the moat part, separated from the other sub- 
stances ; which, with the water containing them, must be poured 
into a filter. After the water has passed through, what remains 
on the filter must be dried and weighed, as must also the sand ; 
and their respective quantities must be noted down. The water 

VVhat is ijje first stop' in examining iho composition of a soil ? 

At what temperaturo may it be dried ? 

Why should not the pebbles be separated before drying I 

How is sand to be separated from minute ingredients ? 
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must be preserved, as it .will contain the saline matter, and tfce 
soluble animal or vegetable matter, if any existed in the soil. 

484. (5.) A minute analysis of the sand thus separated is sel- 
dom or never necessary, and its nature may be detected in the 
same way ^ that of the stones and gravel. It is alleys siliceous 
sand, or calcareous sand, or both togethdt. If it consist wholly 
of carbonate of lime, it will dissolve rapidly in muriatic eeid, with 
edervescence ; but if it consist partly of this and partly of sili- 
ceous matter, a residuum will b^ left after the acid has ceased to 
act on it, the acid being added till the mixture has a sour taste, 
and has ceased to effervesce. This residuum is the si^jiceous part; 
which being washed, dried, andJsMted strongly in a crucible, the 
diflference of its weight from that of*the whole, will indicate the 
quantity of the calcareous sand. 

485. (6.) The finely divided matter of the soil is usually very 
compound in its nature : it sometimes contains all the four primi- 
tive earths of soils, %s well as animal and vegetable matter; and 
to ascertain the preporttons of these with tmerable accuracy, is 
the most difficult part of the subject. The fif^t process to be per- 
formed in this part of the analysis, is the exposure of the fine 
matter of the soil to the action of muriatic acid. This acid, 
diluted with double its bulk of water, should be poured upon the 
earthy matter in an evaporating basin, in a qujgintity equal to twice 
the weight of the earthy matter. The mixture should be ofmn 
stirred, and suffered to remain for an hour, or an hour and a hiuf, 
before it is examined. 

486. If any carbonate of lime, or of magnesia, exist in the soil, 
they will have been dissolved in th^s time by the acid, which 
sometimes takes up likewise a little oxide of iron, but very sel- 
dom any alumina. The fluid should be passed through a filter ; 
the solid matter collected, washed with distilled or rain water, 
dried at a moderate heat, and weighed. Its loss will denote the 
quantity of solid matter taken up. The washings must be Mded 
to the solution ; which, if not sour to the taste, must be made so 
by the addition of fresh acid ; and a little solution of prussiate of 
potash must be mixed with the liquor. If a blue precipitate occur, 
it denotes the presence of oxide of iron, and the solution of the 
prussiate must be dropped in, till no further effect is produced. 
To ascertain its quantity it^must be collected on a filter in the 
same manner as the other solid precipitates, and heated red : the 
result will be oxide of iron. 

487. Into the fluid freed from oxide of iron, a solution of car- 
bonate of potash must be poured, till all effervescence ceases in 
it, and till its taste and smell indicate a considerable excess of 
alkaline salt. The precipitate that falls down is carbonate of 

Ilow may the nature of the sand be ascertained ? ^ 

Ilow are we to proceed in determining the fine/ portions o(the soil f ' 

What acid is first employed ? 

What ingredients wifi this acid dissolve ? 

How may the solution be known to contain oxide of iron f 
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lime, which must be collected on a filter, dried at a heat below 
that df redness, and afterwards weighed. The remaining fluid 
inMtube boiled for a quarter of an hour, when the magnesia, if 
there^'be any, will be pnscipitated combined with carbonic acid ; 
and its quantity must be ascertained in the same manner as that 
of the carbonate of limi). If any minute proportioa^of alumina 
should, fFam peculiar circumstances, be dissolved by the acid, it 
will be found in the precipitate with the carbonate of lime, and it 
may be separated from it by boiling for a few minutes with soap 
lye sufficient to cover the solid* matter : for this lye dissolves 
alumina, wi^out acting upon carbonate of lime. 

488. (?•) The quantity of ingD|;uble animal and vegetable mat- 
ter may next be ascertained svitn sufficient precision, by heating 
it to a strong red heat in a crucible over a common fire, till no 
blackness remains in the mass, stirring it frequently meanwhile 
with a metallic wire. The loss of weight will ascertain the 
quantity of animal and vegetable n^atter there was, but not the 
proportions of each.^If the smell emitted, during this process, 
resemble that of burst feathers, it is a certain indication of the 
presence of some animal matter; and a copious blue flame almost 
always denotes a considerable proportion of vegetable matter. 
Nitrate of ammonia, in the proportion of twenty grains to a 
hundred of the residuum of the soil, will greatly accelerate this 
pi^cess-— if the operator be in haste — and not affect the result, as 
It will be decomposed and evaporate. 

481). (8.) What remains after this decomposition of the vege- 
table and animal matter, consists generally of minute particles of 
earthy matter, wliich are usually a mixiiire of alumina and silex 
with oxide of iron. To sSparato these, boil them two or three 
hours in sulphuric acid diluted with four times its weight of 
water, allowing a hundred and twenty grains of acid for every 
hundred grains of the residuum. 

Mineral Waters, 

4D0. The examination of mineral waters, with a view to accr- 
taiu their ingredients, and thence their medicinal qualities, and 
the means of compounding them artificially, is an ooject of con- 
siderable importance to society. It is likewise a subject which 
deserves to be attended to, because if affords no mean opportunity 
for the agreeable practice of chemical skill. But this investiga- 
tion is more especiallv of importance to the daily purposes of 
life, and the success of manufactures. It cannot but be an inte- 
resting object, to ascertain the component parts and qualities of tlie 

what reagent will the carbonate of lime be precipitated? 
the carbonate of magnesia? 

How arc tli^e insoluble ingredients ascertained to contain animal mat- 
ter? • 

How shnllr we he informed of the presence of vegetable ingredients? 

What circMimstances render important the knowledge of the composition 
of mineral waters ! 
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waters daily consamed by the inhabitants of large towns and 
vicinities. A very minute portion of unwholesome matter, daily 
taken, may constitute the principal cause of the differences in 
salubrity which are observable in different places. And with re- 
gard to manufactures, it is well known to the brewer^ the paper- 
maker, the bleacher, and a variety of othe;; artists, of how much 
consequence it is to them, that this fluid should either be ^ure, or 
at least not contaminated with such principles as tend to injure 
the qualities of the articles they make. 

491. The topomphy of the piace where these waters rise is 
* the first thing to oe considered. By examining the ooze formed 

by them, and the earth or stones through which they are strained 
and filtered, some judgment may*15? fgrmed of their contents. In 
filtering through the earth, and meandering on its surface, they 
take with them particles of various kinds, which their extreme 
attenuation renders capable of being suspended in the fluid that 
serves for their vehicle. Hence we shall sometimes find in these 
waters, siliceous, calcareous, fir argillaceous %arth; and at other 
times, though less ffbquently, sulphur, magnqisian earth, or, from 
the decomposition of carbonated iron, ochre. 

492. The following are the ingredients that may occur in mine- 
ral waters 

(1.) The gases found are common air, oxygen, hydrogen, and 
sulphuretted hydrogen. (2.) The acids, uncombined, are the 
carbonic, sulphuric, and boracic. (3.) The only free alkali A 
soda and the free earths, silex and lime. (4.) The only salts are 
sulphates, nitrates, muriates, carbonates, and borates. 

493. The testing of mineral waters consists — (1.) In the exami- 
nation of them by the senses : (2.) In«the examination of them by 
reagents. 

The examination by the senses consists in observing the effect 
of the water, as to appearance, smell, and taste. 

The appearance of the water, the instant in which it is pumped 
out of the well, as well as after it has stood for some time, affords 
several indications, from which we are enabled to form a judgment 
concerning its contents. If the water be turbid at the well, the 
substances are suspended only, and not dissolved ; but if the water 
be clear and transparent at the well, and sometime intervenes be- 
fore it becomes turbid, the pontents are dissolved by means of 
carbonic acid. 

494. The presence of this gas is^ likewise indicated by small 
bubbles, that rise from the bottom of the well, and burst in the 
air while they are making their escape, though the water at the 
same time perhaps has not an acid taste. But the most evident 

To what branch of manufactures is the subject particularly related ? 

What is the first point to be considered ? 

Why ? » 

What fi>ur classes of substances exist in mineral waters ? 

In what two methods may we test the character of mineral waters 7 

How may we judge of the ingredients in water by the eye ? 
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proof of a spring containing carbonic acid, is the generation of 
bubbiM, on the water being shaken, and their bursting with more 
ot noise, while the air is making its escape. 

4d5. The sediment deposited by the water in the well is like- 
wise to be examined : — if it be yellow, it indicates the presence 
of iron ; if%lack, that of iron combined with sulphur; but cha- 
lybeate waters being Seldom sulphuretted, the latter occurs very 
rarely. ^ As to the colour of the water itself, there are few in- 
stances where this can give any indication of its contents, as 
there are not many substances that colour it. The odour of the 
water serves cliieily to discover the presence of sulphuretted hy- ' 
drogen in it; such waters as contain this substance have a pecu- 
liar fetid smell, somewhat resembling rotten eggs. 

496. The taste of a spring, provided it be perfectly ascertained 
by repeated trials, may afford some useful indications with respect 
to the contents. It may be made very sensible by tasting water 
in which the various salts that are usually £ound in such waters 
are dissolved in varfpus proportions. There is no certain depen- 
dence, however, to be placea on this mode of^investigation ; for in 
many springs the tsftte of sulphate of soda is disguised by that of 
the sea salt united with it. The water, too, is not only to be 
tasted at the spring, but after it has stood for some time. This pre- 
caution must be particularly observed with respect to such waters 
as axe impregnated V^ith carbonic acid ; for the other substances 
siontained in them make no impression on the tongue, till the car- 
bonic acid has made its escape ; and it is for the same reason that 
these waters must be evaporated in part, and then tasted again. 

497. Though the specific gravity of any water contributes but 
very little towards determining its contents, still it may not be 
entirely useless to know the specifio weight of the water, the 
situation of the spring, and the kind of sediment deposited by it. 

498. The examination of the water by means of reagents shows 
wha^ they contain, but not how much of each principle. In many 
instances this is as much as the inquiry demanas ; and it is always 
of use to direct the proceedings in the proper analysis. 

It is absolutely necessary to make the experiment with water 
just taken up from the spring, and afterward with such as has 
been exposed for some hours to the open air ; and sometimes a 
third essay is to be made with a portion of the water that has 
been boiled and afterward filtered. ^If the water contain but f^ew 
saline particles, it must be evaporated ; as even the most sensible 
reagents do not in the least affect it, if the salts, the presence of 
which is to be discovered by them, are diluted with too great a 
quantity of water. Now, it may happen, that a water shall be 

How id the presence of carbonic acid best ascertained ? 

Ij^at judgment may we form of water from the appearance of its sedi- 
meivt? 

^What kind of materiftls may the sense of smell help us to detect 7 

At what period may we rely on the sense of taste to indicate the cha- 
racter of water 7 
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impremated with a considerable number of saline particles of dif- 
ferent kinds, though some of them may be present in too small a 
quantity ; for which reason the water must be examined a second 
time, after having been boiled down to three-fourths. 

499. The substances of which the presence is discoverable by 

reagents ^ 

Carbonic acid. When this is not combined with any base, or 
not with sufficient to neutralize it, the addition of lime water will 
throw down a precipitate soluble with effervescence in muriatic 
acid. The infusion of litmus i» reddened by it; but the red colour 
gradually disappears, and may be again restored by the addition 
of more of the mineral water. When boiled, it lose^ the property 
of reddening the infusion of litmtft.^ According to Pfaff, the most 
sensible test of this acid is acetate of lead. 

500. The mineral acids^ when present uncombined in water, 

give the infusion of litmus a permanent red, even though the water 
has been boiled. Jlergmann has shown that paper, stained with 
litmus, is reddened when cfipped into waltr containing of 

sulphuric acid. * # . . 

Water containing sulphuretted hydrogen gas is distinguished by 
the following properties : — It exhales the peculiar odour of sul- 
phuretted hydrogen gas. It reddens the infusion of litmus fuga- 
ciously. It blackens paper dipped into a solution of lead, and 
precipitates the nitrate of silver black or brdrwn. 

501 • Jllkaliesy and alkaline and earthy carbamates^ are distinguisited 
by the followingf tests : — ^The infusion of turmeric, or paper stained 
with turmeric, is rendered brown by alkalis ; or reddish-brown, if 
the quantity be minute. This change is produced when the soda 
in water amounts only to par4^ Paper stained with brasil 

wood, or the infusion of brasil wood, is rendered blue; but this 
change is produced also by the alkaline and earthy carbonates. 
Bergmnnii ascertained that water containing Wtx of carbonate 

of soda reddens paper, stained with brasil wood, blue. Ciitmus 
i^per, reddened by vinegar, is restored to its original blue colour. 
This change is produced ^y the alkaline and earthy carbonates 
also. When these changes are fugacious, we may conclude that 
the alkali is ammonia. 

503. Fixed alkalies exist in water that occasions a precipitate 
with muriate of magnesia after being boiled. Volatile alkali may 
be distinguished by the smell ; it may be obtained in the re- 
ceiver by distilling a portion of the water gently, and then it may 
be distinguished by the above tests. 

Earthy and metallic carbofnatea are precipitated by boiling the 
water containing them ; except carbonate of magnesia, which is 
precipitated but imperfectly. 

How shall wo bo ablo to detect the presence of an infi^rediene which 
originally constitutes but a very small poriion of the water ? 

What IB the test of carbonic acid ? 

What is that of the mineral acids ? 

How is sulphuretted hydrogen detected ? 

What testa show the presence of alkalis and earthy carbonates I 
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603. iron is discovered by the following tests : — ^The addition 
of tincture of galls gives water, containing iron, a purple or black 
colour* This test indicates the presence of a very minute portion 
of iron. If the tincture have no effect upon the water, after boiling, 
though it colours it before, the iron is in a state of a carbonate. The 
following observations of Westrumb on the colour ^hich iron 
gives to galls, as modified by other bodies, deserves attention. A 
violet inbicates an alkaline carbonate, or earthy salts. Dark 
purple indicates other alkaline salts. Purplish-r^ indicates sul- 
phuretted hydrogen gas. Whitish^ and then black, indicates sul- 
phate of lime. 

604- Sulphuric acid exists in waters that form a precipitate with 
the following solutions : — ^MurMtle, nitrate, or acetate of baryta, 
strontia or lime, or nitrate or acetate of lead. Of these the most 
powerful by far is muriate of baryta, which is capable of de- 
tecting the presence of sulphuric acid uncombined, when it does 
not exceed the millionth part of the water. Acetate of lead is 
next in point of poM|rr. The muriates are more powerful than 
the nitrates. The calcareous salts are least powerful. All these 
tests ^e capable of indicating a much smaller proportion of un- 
combined sulphuric acid, than when it is combined with a base. 
To render muriate of baryta a certain teat of sulphuric acid, the 
following precautions must be observed ‘The muriate must be 
diluted ; the alkalis or alkaline carbonates, if the water contain 
anjp, must be previously saturated with muriatic acid ; the preci- 
pitate must be insoluble in muriatic acid ; if boracic acid bo sus- 
pected, muriate of strontia must be tried, which is not precipitated 
by boracic acid, 'fhe hydrosulphurets precipitate barytic solu- 
tions ; but their presence is easily discovered by the smell. 

505. Muriatic acid is detected by nitrate of silver, which occa- 
sions a white precipitate, or a cloud, in water containing an 
exceedingly minute portion of this acid. To render this test cer- 
tain, ^le following precautions are necessary The alkalis or 
carbonates must be previously saturated with nitric acid. Sul- 
phuric acid, if any be present, must be previously removed by 
means of nitrate of baryta. The precipitate must be insoluble in 
nitric acid. Pfaff says, that the mild nitrate of mercury is the 
most sensible test of muriatic acid ; and that the precipitate is not 
soluble in an excess of any acid. 

606. Boracic acid is detected by me&ns of acetate of lead, with 
which it forms a precipitate infiolublo in acetic acid. But to ren- 
der this test certain, the alkalies and earths must be previously 
saturated with acetic acid, and the sulphuric and muriatic acids 
removed by means of acetate of strontia and acetate of silver. 

What test proves the presence of iron ? * . . 

WhKt rule will enable us to judge what compound of iron is present in 

What is thsrtest for sulphuric acid ? 

What will prove the presence of muriatic acid ? 

What of boracic acid ? 
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Baryta is detected by the insoluble white precipitate which it 
forms with diluted sulphuric acid. 

507. Lime is detected by means of oxalic acid, which occasions 
a white predipitate in water containing^ a very minute proportion 
of this earth. To render this test decisive, the following pre- 
cautions a^^, necessary : — ^The mineral ac|d3, if any%e present, 
must be previously saturated with an alkali. Baryta, if any be 
present, must be previously removed by means of sulphuftc acid. 
Oxalic acid precipitates magnesia but very slowly, whereas it 

^ precipitates lime instantly. • 

508. Magnesia and alumina. The presence of these earths is 
ascertained by the following tests : — Pure ammonia precipitates 
them both, and no other earth, pri^^^ed the carbonic acid have 
been previously separated by a fixed alkali and boiling. Lime- 
water precipitates only these two earths, provided the carbonic 
acid be previously removed, and the sulphuric acid also, by means 
of nitrate of baryta. « 

The alumina may be sepaihtcd from the Anagnesia, after both 
have been precipitated together, either by bq^ling the precipitate 
in caustic potash, which dissolves the alumina and leaves the 
magnesia ; or the precipitate may be dissolved in muriatic acid, 
precipitated by an alkaline carbonate, dried in the temperature of 
100 degrees, and then exposed to the action of diluted muriatic 
acid, which dissolves the magnesia without touching the alu- 
mina. • 

609. Silex may be ascertained by evaporating a portion of water 
to dryness, and redissolving the precipitate in muriatic acid. The 
silex remains behind iindissolved. 

By these moans we may detect the presence of the different 
substances commonly found in waters ; but as they are generally 
combined so as to form salts, it is necessary we should know 
what these combinations are. This is a more difficult task, 
which Mr. Kirwan teaches us to accomplish by the following 
methods : 

510. (1.) To ascertain the presence of the different sulphates. 

The sulphates which occur in water are seven ; but one of these, 

namely, sulphate of copper^ is so uncommon, that it may be excluded 
altogether. The same remark applies to sulphate of ammonia. It 
is almost unnecessary to observe, that no sulphate need be looked 
for, unless both its acid and base h^ve been previously detected 
in the water. 

511. Sulphate of soda may be detected by the following 
method : — Free the water to be examined of all earthy sulphates, 
by evaporating it to one-half, and adding lime-water as long as 

Wliat will prove the presence of baryta ? 

What of limp ? # • 

How are we to know whether magnesia and alumina are etontained in 
mineral water? 

What method separates the silex if any be present? 

Q 
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any precipitate appears. By these means the earths will all be 
precipitated except lime, and the only remaining earthy sulphate 
will be the sulphate of lime, which will be separated by evapo- 
rating the liquia till it becomes concentrated, and then dropping into 
it a little alcohol, and, after filtration, adding a little oxalic acid. 

512. With the water thus purified, mix solution o£flime. If a 
precipitate appear, eitfler immediately, or on the addition of a little 
alcohof^ it is a pioef that sulphate of potash or of soda is present. 
Which of the two may be determined, by mixing some of the 
purified water with acetate of bnryta. Sulphate of baryta preci- 
pitates. Filter and evaporate to dryness. Digest the residuum 
in alcohol. It will dissolve the alkaline acetate. Evaporate to 
dryness, and the dry salt w^ll deliquesce if it be acetate of potash, 
but efRoresce if it be acetate of soda. 

513. Sulphate of lime may be detected by evaporating the 
water suspected to contain it to a few ounces. A precipitate 
appears, which, if it he sulphate of lime, is soluble in 500 parts 
of water, and the volution alTords-a precipitate with the muriate 
of baryta, oxalic acjd, carbonate of magnesia, and alcohol. 

514. Alum may be detected by mixing carbonate of lime with 
the water suspected to contain it. If a precipitate appear, it in- 
dicates the presence of alum, or at least of sulphate of alumina ; 
provided the water contains no muriate of baryta or metallic sul- 
phates. The first of«these sails is incompatible with alum; the 
. 3cond may be removed by the alkaline pnissiatcs. When a pre- 
cipitate is produced in water by muriate of lime, carbonate of 
lime, and muriate of magnesia, we may conclude that it contains 
alum or sulphate of alumina. 

515. Sulphate of magnesia may be detected by means of hy- 
drosulphuret of stroiitia, which occasions an immediate precipitate 
witli this salt, and with no other ; provided the water be pre- 
viously deprived of alum, if any be present, by means of carbo- 
jiaU^of lime, and provided also that it contains no uncoinbined acid. 

Sulphate of iron is precipitated from water by alcohol, and then 
it may be easily recognised by its properties. 

516. (2.) To ascertain the presence of the different muriates. 

The muriates found in waters amount to eight, or to nine, if 

muriate of iron be included. The most common by far is muriate 
of soda. e 

Muriate of soda and of potash may be detected by the following 
method : — Separate the sulpiiuric acid by alcohol and nitrate of 
baryta. Decompose the earthy nitrates and muriates by adding 
sulphuric acid. Expel the excess of muriatic and nitric acids by 
heat. Smaxate the sulphates thus formed by alcohol and baryta 
water. The water thus purified can contain nothing but alkaline 
nitrates and muriates. If it form a precipitate with acetate of 
silver, we may conclude that it contains muriate of soda or of 

How shall the presence of sulphate of soda be known 7 — sulphate of lime ? 
•—of alumina 7— of magnesia ? — of iron ? 
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potash. To ascertain which, evaporate the liquid thus preci- 
pitated to dryness. Dissolve the acetate in alcohol, and again 
evaporate to dryness. The salt will deliquesce, if it be acetate 
of potash, but effloresce if it bo acetate of soda. 

517. The potash salts are most readily distinguifijl^ed by the 
precipitate ^hich they afford to muriate platinum, which the 
soda salts do not occasion. 

Muriate of baryta may be detected by sulphuric acid, as it is 
the only barytic salt hitherto found in water. 

. . Muriate of lime may be detect^ by the following method 
Free the water from sulphate of lime and other sulphates, by 
evaporating it to a few ounces, mixing it with alcohol, and adding 
last of all nitrate of baryta as long 413 any precipitate appears. 
Filter the water, evaporate to dryness ; treat the dry mass with 
alcohol ; evaporate the alcohol to dryness ; and dissolve the re- 
siduum in water. If this solution give a precipitate with acetate 
of silver and oxalic aoid, it may contain muriate of lime. It must 
contain it in that case, if, after being treated with carbonate of 
lime, it give no precipitate with ammonia. I^the liquid in the 
receiver give a precipitate with nitrate of silver, muriate of lime 
existed in the water. 

518. Muriate of magnesia may be detected by separating all 
the sulphuric acid by means of nitrate of baryta. Filter, evaporate 
to dryness, and treat the dry mass with alco'hol. Evaporate the 
alcoholic solution to dryness, and dissolve the residuum in water.^ 
The muriate of magnesia, if the water contained any, will bo 
found in this solution. Let us su|)po8e, that, by the tests formerly 
described, the presence of muriatic acid and of magnesia, in this 
solution, has been ascertained. In that^ase, if carbonate of lime 
afford no precipitate, and if sulphuric acid and evaporation, to- 
gether with, the addition of a little alcohol, occasion no precipi- 
tate, the solution contains only muriate of magnesia. If these 
tests give precipitates, we must separate the lime which is present 
by sulphuric acid and alcohol, and distil off the acid with which 
it was combined. Then the magnesia is to be separated by 
oxalic acid and alcohol, and the acid with which it was united is 
to be distilled off. If the liquid in the retort give a precipitate 
with nitrate of silver, the water contains muriate of magiiesia. 

519. Muriate of alumina may be discovered by saturating the 
water, if it contain an excess of alkali, with nitric acid, and by 
separating the sulphuric acid by means of nitrate of baryta.^ If 
the liquid, thus purified, give a precipitate with carbonate of lime, 
it contains muriate of alumina. The muriate of iron, or of man- 
ganese, if any be present, is also decomposed, and the iron pre- 
cipitated by this salt. 

520. Such are the methods by which the proaeiice of the dif- 
ferent saline contents of waters may be ascertmned. The labour 

How shall we proceed to find whether water contains muriate of soda or 
of potash t^muriate of baryta ?— of lime ?— of magnesia ?— of alumina ? 
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of analysis may be considerably shortened by observing, that the 
following salts are incompatible with each other, and cannot exist 
together in water, except in very minute proportion 

Salts. ^ Incompatible with 

„ 1 . 1 u * C Nitrate of lime and magnesia, 

Fixed alkaline sulphates ^ of lime and magnesia. 

C Alkalies, 

Sulphate of lime . . < Carbonate of magnesia, 

C Muriate of baryta. 
rAlkalies, 

^ ^ J Muriate of baryta, 

"a Nitrate, muriate, carbonate of lime, 

^V^6arbonate of magnesia, 
r Alkalies, 

Sulphate of magnesia . < Muriate of baryta, 

C Nitrate and muriate of lime, 
r Alkalies, 

Sulphate of iron . < Muriate of baryta, 

, C Earthy carbonadoes, 
r Sulphates, 

Muriate of baryta • . < Alkaline carbonates, 

C Earthy carbonates, 
r Sulphates, except of lime. 

Muriate of lime •* • < Alkaline carbonates, 

C Earthy carbonates. 
ikit • C Alkaline carbonates 


Sulphate of iron 


Muriate of baryta 


Muriate of lime 

4b 


rAlkal 

< Muru 
C Nitra^ 
r Alkali 

< Muria 
C Earth 


Muriate of magnesia 


Nitrate of lime • . • Carbonate of magnesia and alumina, 

C Sulphates, except of lime. 

521. Beside the substances above described, there is sometimes 
found in water a quantity of bitumen combined with alkali, and 
in the state of soap. In such waters, acids occasion a coagulation ; 
and the coagulum collected on a filter discovers its bituminous 
nature by its combustibility. 

522. Water also sometimes contains extractive matter; the 
mesence of which may be detected by means of nitrate of silver. 
The water suspected to contain it, must be freed from sulphuric 
and nitric acid by means of nitrate of lead ; after this, if it give 
a brown precipitate with nitrate of silver, we may conclude that 
extractive matter is present. 

How may the labour of analysis be often abridged ? 

What subBtances are incompatible in mineral water with fixed alkaline 
sulphates?;;— with sulphate of lime? — with alum? — with sulphate of mag- 
nesia? — with sulphate of iron? — with muriate of baryta?—^ lime?— of 


C Alkaline carbonates 
4 Alkaline sulphates. 
^Alkaline carbonates. 
Carbonate of magnee 


mymesia ? — with nitruto of lime ? 
flow is the presence of bitumen dot«rted ? 
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Whrk9 in t?ie Department of ChemUiry* 

In this and the other lists of works apTOnded to^the several 
treatises obtained in the Scientific Class-Books, the works first 
named are, in general, those supposed to be most easily mocured 
by the student, and they are commonly the most familiar and^ 
popular in their modes of treating their respective subjects. The 
latter titles in each list are thos# of works supposed to be met 
with principally in public libraries. 

Turner^s Chemistry, new editidh- by Dr. Franklin Bache. 
Philadelphia. 1835. 

Webster^s Manual of Chemistry, on the Basis of Brande’s, 

1 vol. 8vo. 

Henry’s Chemisti^, 2 vols. 8vo. Philadelnhia* 

Farraday’s Chemical Manipulations, editeA by Dr. J. K. Mit- 
chell. Philad. 1 vdl. 8vo. - 

Dr. Hare’s Compendium of Illustrations in Chemistry, &c. 1 
vol. 8vo. 

lire’s Chemical Dictionary. 1 vol. 8vo. 

Porter’s Chemistry of the Arts, on the Basis of Gray’s Operative 
Chemist. Philad. 1 vol. 8vo. 

Silliman’s American Journal of Science, paeaim. 

Transactions of the British Association. 

Berzelius’s Chemistry. Paris edition. 

Aniiales de Chemie et de Physique. 



METALLURGY. 


1. The U^m metallurgy in its most extensive signification, de^ 
notes the working of and may thus include alV^perationa 

connected with the raising of metallic ores from mines, or procuring 
them from metalliferous sands ; those employed for ascertaining the 
value of minerals whence metals are obtained; the multifarious 
processes relative to the extracti<:to of the various metals from their 
respective ores ; and the still more numerous processes which relate 
to manufactures of hardware^ steel, tin-plate, brass, bronze, gold 
and silver plate, as well as of other metals and their combinations. 
But metallurgy in a more restricted sense, is to be regarded as a 
department of chemistry, comprising the description and rationale 
of those chemical operations by means of which the useful 
metals and their alUys are separated from .the saline, earthy, or 
stony substances in conjunction with which they are presented to 
us by nature. Undo: this p()int of view the sifbject will be treated 
in the following pages; but some preliminary notices of metallic 
veins, mines, and the art of mining, may be introduced, as being 
both interesting and instructive, tending to illustrate the proper- 
ties and composition of those substances to which the attention of 

i he metallurgist or metallurgic chemist is principally directed. 
Jocimastics, or the art of assaying, as a process preceding the 
reduction of metals, will also demand our attention. 

3Iineral peposits and Mines. 

S. Nature presents metallic substances to our notice scattered 
on the surface or inclosed within the crust of the terrestial globe, 
either in a state of purity, or in combination with various other bo- 
diei^. These combinations arc properly termed miucralized metals, 
or ores ; metals in this state being united to extraneous matter, 
which alters their properties in such a manner, that their real nature 
can only be ascertained by chemical analysis. Sometimes two or 
more metals are combined with the same mineralizing body ; 
frequently a single metal is united with several such bodies, and 
yet more frequently, in mines, are found combinations consisting 
of several metals and various mineralizing bodies united together. 

3. A few only of the metals (almost exclusively those which 
are termed precious metals) are found in a state of purity dis- 
persed through the soil of valleys, or mixed with the sand of 

Wliat is the origin and use of the term metallurgy ? 

What may it include in its most extensive sense t 
What is most restricted meaning ? 

What is .meant by tVocimastics ? 

In what states are metallic substances found in nature ? 


♦ From the Greek VllraWov, metals and ''Eoypv, work. 
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rivers* or witli earthy matter deposited by mountain torrents. It 
is thus that gold and platina* and especially the former* frequently 
occur in masses* often minute* sometimes of several pounds 
weight, and at all intermediate sizes, in alluvial soil* from which 
the metal is separated principally by mechanical means. Both 
metallic oA.\e and native metals are occasionally disseminated in 
grains through rocks, and when they arc thus found in abundance* 
the whole mass of the rock is worked as a mine ; but this is com- 
paratively seldom the case. Tinstone, or the oxide of tin, is 
sometimes thus dispersed through the substance of granitic rocks 
in Cornwall* but this is generally observed in the vicinity of veins 
of tin ore. This metal is likewise found in alluvial soil, in small 
nodular masses of considerable speBigc gravity, called stream-tin 
from the manner in which it is procured, by washing the metallife- 
rous sand. 

4. Mineral deposits* however* more usually occur in subterrane- 
ous beds or veins. Metallic ores of some kinds form regular 
strata* or mineral beas, in secondary rocks, of in the more ancient 
transition and primary rocks. These beds ar^in general horizon- 
tal, but they are sometimes observed to be highly inclined* and 
such strata have been mistaken for veins. The ores of copper, 
iron and lead* ar{^ occasionally found in conjunction in beds in 
primitive mountains* sometimes having gold or silver intermixed 
with them. Cobalt* and certain ores of mercury* likewise form 
strata. Iron ore is frequently found in beds of great thickness, irf^ 
terposed among rocks of gneiss, mica-slate* and clay-slate. Lead* 
zinc, manganese* and iron ores also occur abundantly in strata in 
secondary mountains. 

5. When a bed of metallic ore expands irregularly, it sometimes 
forms masses of such magnitude as to resemble small mountains, 
as is the case with iron ore in Sweden and Norway. Metallic 
beds, ho^yever* are generally of limited extent* seldom traversing 
an entire mountain* but gradually or suddenly terininating«in a 
thin edge ; in the language of the miners, a stratum of ore is said 
to wed$re out. Beds of minerals are not of frequent occurrence in 
England, most of the great deposits of metallic matter in that 
country being found in veins, as is uniformly tho case in the great 
mining districts of Cornwall, except in the previously noted 
stream-works. Mr. Bakewell, however, alleges that beds of cop- 
per pyrites have been wrought in trsmsition rocks in Cumberland, 

What varieties in the degree of complexity exist in metallic mine- 
rals ? 

Whnt class of the metals are met with in nature in a state of purity ? 

In what situations do they occur ? 

In what forms docs the ore of tin occur ? 

What is the most usual form of mineral deposits ? 

How do ores of copper, iron, and lead exist ? 

What kinds of rocks are traversed by beds of impn ore ? * 

What ores may be found in strata in secondary mountains ^ 

What is meant by wedging out f 
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and that the existence of mineral beds may be suspected in other 
counties, where they are often confounded with veins by the la- 
bouring miners. 

6. Mineral veins, from their relative frequency, constitute the 
most considerable depositories of metallic matter. Such veins are 
not, as may be supposed from the general application of the term, 
tubes dil<?d with metal or ore, but extended plates, or laminae, of 
unequal thickness ; and they differ most essentially from beds, in 
that they do not run parallel with the direction of other strata, but 
traverse or cross them vertically^ or at various degrees of inclina- 
tion. A vein may be described as a fissure in a rock, filled with 
various substances. Humboldt noticed a vein of calcareous spar 
140 feet in thickness, traversing gneiss, in the Alps of Switzer- 
land ; and Professor Jameson mentions a vein of porphyjy slate, 
nearly 160 feet wide, occuring in sandstone, in the Isle of Arran, 
and veins of pitchstone and greenstone, varying in width from 
ten to one hundred ieet. But these do notnappear to have been 
of the nature of mftalliferous veins which are commonly much 
narrower; yet it ist said, that in the silver \nines of Pasco, in 
Peru, there is a vein of brown ironstone, containing silver, which 
is 1300 yards in width. 

7. When metallic ores are worked in beds, or in veins of con- 
siderable thickness, that part of the rock which covers the ore is 


of most importance, namely, those producing tin and copper, ex- 
tend nearly in the direction of east and west, with little variation. 
Though there are other vdins, either destitute of metallic matter, 
or else containing lead and silver, which chiefly run north and 
south. The veins of Cornwall scarcely ever descend vertically, or 
exactly at right angles with the horizon, but almost always dip 
froifk the line of descent ; and this deviation from the perpendicu- 
lar is called by miners the hading of the vein ; thus a vein may be 
said to hade or dip to the north or south. 

8. Metalliferous veins in general seem to observe no great 
uniformity of direction^ some descending almost perpendicularly, 
and others very obliquely, in such a manner that in a single hill 
instances may be observed in whichrveins of different desenptions 
dip or underlie in almost ajl directions, traversing each other in 
such a manner as to defy the calculations of the miner. The head 
of a vein sometimes rises to the surface of the soil, and may 
thus be discovered ; and its existence is occasionally betrayed by 


caiieu tne roe/, ana inai wnicn supports it me yzoor. i nese terms. 
However, are principally applicable to mines worked in an hori- 
zontal direction. The metalliferous veins of Cornwall which are 


To what is the term mineral veins applied ? 

M what do they differ from strata ? 

What is meant by life roof and what by the floor of a mine ? 

What has' been observed in regard to the direction of metallic veins f 
What is meant by the hading of a vein ? 
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a certain ochraceous or rust-like appearance, 'which may be ob- 
served above its site, but this is not very common. 

9. To what depth metallic veins may descend, has never been 
ascertained, for no instance has yet occurred, of the termination of 
a vein being reached, though sometimes veins are found to become 
BO thin anl .unproductive as not to repay the labour 8f working 
deeper, but more frequently the progress or the miner is stopped 
by water or other obstacles. Some of the Cornish mines aft said 
to be nearly 500 yards in depth from the surface, as the copper 
and tin mine of Dolcoath, whicts is 456 yards deep ; and there 
are several the depth of which is from 300 to 400 yards. 

10. The same vein sometimes contains different ores at different 
depths; thus the ores of iron, copper, cobalt, and silver are 
found successively in some of the mines in Saxony ; and in France 
there are mines containing iron ore, below that silver ore, and in 
the lowest part copper ore. In Cornwall sulphuret of zinc, or 
blende, is found abumf^ntly in the upper part of veins, which lower 
down are rich in copper, and Sometimes tin m the same manner 
occurs in the superioif part of a copper vein. ^ 

11. The thickness of veins, as already observed, is extremely 
variable, the same vein may be in some parts but a few inches 
wide, and in others extend to the thickness of many feet, or even 
yards. The vein at Dolcoath mine varies from two feet to forty ; 
and in some places is contracted to about six* inches. 

13. ^rhe veins, independent of their extent, may be characterized^ 
as rich or poor. In a Cornish mine called Whealan Coles, was 
found a vein of tin ore about three inches wide, yet so rich as to be 
worth working. Some of the veins containing copper, in Herland 
mine, did not exceed six inches in widUif and after thus continuing 
for a few fathoms, they passed away east and west into mere 
strings, or rather laminae, scarcely thicker than paper ; but these 
veins yielded ore of a rich quality. The thin veins or threads of 
metallic matter which sometimes occur in working mines, may be 
worth pursuing, independent of their product of metal, as they 
may lead to veins of much greater thickness, or to bunches, or 
large masses of metal. 

13. Veins are by no means entirely filled with metalliferous 
matter, which, in fact, occupies comparatively but a small space, 
the veins including minerals of different descriptions. The non- 
metalliferous parts of a vein, of whatever nature they may be, are 
usually termed by the miner deadsj as^)eing unproductive and use- 

What is known of the depth of metallic veins ? 

What facts have been ascertained in regard to the situation of different 
metallic ores in the same mine ? 

What degree of uniformity in regard to thickness characterizes metallic 
veins ? ^ 

What difference independent of direction, inclination, depth, and thick- 
ness is it important to consider in regard to metallic veins ? 

To what is the term deads applied among miners ? 
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less. Larm empty spaces occasionally occur in veins, but this is 
not often the case. Water is found in large quantities in mines, 
especially those which are rich in tin or copper. ^ 'JThe sides of 
metallifercus veins are usually very determinate, being covered by 
a hard, dark-coloured incrustation, called by the miner the walls 
of the vein : and there likewise commonly runs dowq ^very vein 
a small seam of whiti^ clayey matter, sometimes adhering to one 
side of the vein, and sometimes to the other. 

14. The same substance which constitutes the incrustation of 
the veins, is also often intermixed with the ore, forming with it 
alternating layers, and with other substances composing what is 
called the matrix, gangue, or veinstone of the mineral. Different 
metals are accompanied bj^oiiferent kinds of gangue, the nature 
of which may enable the miner to form a judgment as to the pro- 
bable value of the vein. Among the substances thus found may 
be mentioned quartz, calcareous spar, fluor spar, called in Derby- 
shire blue John, apd sulphate of barytes,, also called cawk; 
besides which, the (tres of one metal are thus accompanied by those 
of another, and fre 9 ,uently by pyrites, (sulpharet of iron.) 

15. It has been already stated that in Cornwall tin and copper 
mines uniformly run in the direction of east and west, and that 
other veins, extending north and south, scarcely ever contain a 
trace of either of those metals, being non-metalliferous, or else af- 
fording the ores of silver, lead, cobalt, or iron, or occasionally 
vmtimony. These north and south veins are most commonly filled 
by auartz, by a whitish or bluish argillaceous substance, or by a 
kina of ochre, and sometimes by all three. When such a vein 
meets with another containing tin or copper, it passes through the 
tin or copper vein without i interruption, while the latter becomes 
split, or frittered into numerous small branches, and sometimes its 
contents seem to be dissipated, so that the miner loses all traces of 
the vein, or only recovers it after a tedious search at the distance 
of perhaps between 400 and 500 feet. North and soutl^ veins dif- 
fer greatly in breadth, but whatever be their dimensions, they 
always divide the tin or copper veins which they encounter, and 
generally alter the direction of the latter, or, in the language of 
the miner, heave them out their course. 

16. The manner in which metalliferous veins are sometimes in- 
terrupted by others, may be illustrated by the following section of 
the mine of Tincroft, in Cornwall : 

Bv 'what substances are veins commonly bordered ? 

What is meant by matrix ? 

Of what materials is the matrix of ore often composed ? 

What difference has been observed in the veins of the same mine which 
vaiy in diroclion? 

What class of veins in Cornwall appears to have divided and heaved 
anolher at right angles to it ? 
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A, B, represents the surface of the mine with a vein running 
from north to south, anjl crossed by tin and copner veins, from east 
to west. The veins, C^D, E, are veins of copper, F, G, H, veins 
of tin, and I, a vein yielding both tin and coppe]^ Two of the cop- 
per, and one of the tin veins, running east and west, are intersected 
by the non-metalliferous north and south veins, by which they are 
heaved out of their regular course towards the south. It may also 
be perceived that one of the tin veins, F, is intersected by two of 
the copper veins, C and D, which pass through it without affect- 
ing its direction. 

17. The manner in which copper veins intersect those of tin, 
always passing through them, and generally heaving them from 
their course, may be understood from the following section of the 
Pink mine : 



A, B, may be supposed to represent the surface, along whi^h 
runs a vein from north to south, intersecting metalliferious veins^ 
passing from east to west. The veins C, D, E* are copper veins. 

Construct and explain the plan of Tincrofl mine ? 

Exhibit and explain the manner of heaving out a tin vein by one of copper 
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and F, a vein of tin ; and here it will be seen how three of these 
yeins have their western sides heaved towards the north, by the 
non-metalliferous vein passing through them. The tin vein run- 
ning near the southern extremity of the mine, underlies greatly 
towards the north, while the copper veins, on the contrary, under- 
lie towards the soufh. One of the latter veins, C^«^neeting the 
tin v(jin, F, in its course, interrupted it, and heaved* that part of it 
northward of the point of intersection twenty-four fathoms nearer 
to the surface, and the same tin vein was interrupted by another 
copper vein, D, and heaved about ten fathoms towards the sur- 
face ; a third time it was cut through by another copper vein, E, 
not shown on the surface, and again heaved somewhat out of its 
course. ^ 

18. Sometimes one vein crosses another without causing any 
change of direction, and if both have nearly the same -inclination, 
they are usually richer near their junction. Where two veins in 
the same district .have the same direction, or run parallel, it has 
been observed thax their contents are similar ; but where they run 
in contrary directions, their contents are dissimilar. 

19. Molina, in his History of Chili, gives an account of a vein 
of silver at Uspalta, in the Andes, which is nine feet in thickness 
throughout its extent, having been traced ninety miles ; and it has 
smaller veins branching olT on either side, and penetrating the 
adjacent mountains' to the distance of thirty miles. It has been 
conjectured that this vein reaches 300 miles. 

20. In Northumberland and Durham, cross courses have been 
found to contain ore near their junction with strong veins. In 
Cornwall, at Ilotallac mine, near the Land’s End, a cross course run- 
ning north and south, is enriched by the junction of east veins, 
which have been compared to small rivulets opening into a river. 
The cross course is rich in ore to the extent of twenty or thirty 
fathoms on either side of its junction with a vein, but.no veins are 

found branching from the west side of the 
cross course. The vein contains gray 
copper ore of a fine quality. Sometimes 
a vein contains tin ore in the centre, sur- 
rounded laterally by copper ore, as repre- 
sented in the marginal iigiire. 

In this vertical section of a part of the 
v,*?in, T denotes the central portion, con- 
sisting of tin, and C, C, the copper ore 
on each side of it.’'*' 

What remark has been made respecting the junction of two veins which 
do not displace one another in crossing ? 

What description has been given of a vein of silver ore in South America? 
r What example is found among the Cornish mines of cross courses enricli- 
, jng the main vein ?., 

In whit arrangement are the ores of tin and copper sometimes placed 
within a common vein ? 



* Bakewoll's Introd. to Geology, Silliman*s ed. p. 300. 
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91. The difTerent metals are found respectively in different parts 
of the world, in various situations, and associated with peculiar 
kinds of rocks, stones, sand, or alluvial soil. 

Gold is found in America^ in Mexico, Brazil, New Granada, Chili, 
Peru, and Biienos Ayres ; in the United States it is found in Alaba- 
ma, Georgria, North and South Carolina, Viiginia, and probably in 
some of the states farther north ; in Africa^ in Kordofan, BaiJIboiik, 
and on the eastern coast opposite the island of Madagascar, and 
especially in Sofala, sup{) 08 ed to be the country of Ophir, mentioned 
by the Jewish writers ; in Asia^ in*Thibet, Japan, Formosa, Cey- 
lon, Java, Sumatra, Borneo, the Philippines, and other islands of 
the Indian Archipelago, in Siberia, in the Ural and Altai mountains, 
between the rivers Obi and Irtisch ; in Surope^ in Hungary, Tran- 
sylvania, the country round Salzburg, and the Hartz mountains, 
in Piedmont, in Spain, chiedy in the Asturias, and the Pyrenees, 
in France, in rivers occasionally in small quantities, and formerly 
in Thrace, Macedonia,*and some of the Greek Slands. 

22. Gold occurs in^primary and transition rocks, in porphyry 
and syenite, and in the lowest sandstone ; it has^een occasionally 
found in coal, and sometimes in volcanic rocks, and most abun- 
dantly ill the sands of rivers, or in that mixture of alluvial matter 
called cascalhao, consisting of pebbles, gravel, and minute parti- 
cles of siliceous and argillaceous earths, and oitide of iron. It is 
usually in the state of grains, minute scales, or pellets of various 
sizes, and it is thus collected by the African negroes, and brought 
for sale in ostrich and vulture quills. Sometimes it is met with 
in large masses ; in 1730, a block was discovered in Peru, weighing 
forty-live pounds ; and about 1810, gold^ias obtained from severe 
rivers in North Carolina, one mass weighing twenty-eight pounds. 
This metal is sometimes disseminated in threads or in laminie 
alloyed with tellurium and silver, and it is likewise mixed with 
the sulphurdts of iron, of silver, of copper, of arsenic, of mercu^, 
and other metals. 

23. Platina was first discovered in the provinces of Choco and 
Bogota in South America, and it has since been found in the pro- 
vince of Barbacoas, near the shores of the South Sea ; in Brazil, 
in the island of St. Domingo, in North America, in very minute 
quantities in ores of argentiferous grey copper at Guadalcanal and 
Casalla, in Spain ; and recently in greater abundance on the west- 
ern or European side of the Ural mouiftains, in the territories of 
Russia. It occurs generally in the sands of rivers, intermixed 
with palladium, rhodium, osmium, iridium, and other metals. 

24. Silver is found in America^ in Mexico, Peru, Chili, and 

In what countries of the world is gold found 7 

In what species of rocks is it discovered 7 • 

Where is it found in the greatest abundance 7 

What remarkable masses of native gold have been met with ? 

Where is platina found in the greatest abundance in the present day ? 

In what situations does it occur? 

With what other metals is it intermixed f 

R 
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Buenos Ayres ; in in China, Thibet, and Siberia ; in Europe^ 
in Norway, Sweden, Hungary, Saxony, Transylvania, Moravia, 
Austria, Bohemia, the Tyrol, Hanover, Brunswick, Prussia, the 
Netherlands, France, Savoy, and Great Britain ; but in the latter 
only as a •subordinate product of lead or copper ore§t,> It occurs 
principally in veins iif primitive rocks, and in some^lransition and 
secoifaary rocks. 

25. Lead is found in America^ in Mexico, Brazil, and the United 
States ; in the Russian empire in the environs of Nertschinsk on 
the frontiers of Chinese Tartafy, and in Armenia ; in Europe^ in 
France, Savoy, the Netherlands, the Prussian States, the Hartz 
Mountains, in Saxony; in- the Austrian dominions and other 
parts of Germany; in Ragland, especially in Derbyshire and 
Lancashire; in Scotland, in Ireland, and in Spain. Galena, 
which is the most common ore of lead, occurs in primitive as 
Well as secondary rocks, and in Great Britain the richest mines 
are in slate and lifi^estone. Lead ores are'found generally in the 
older rocks, except trap and serpentine ; in^porphyry and syenite, 
in the lowest sandstone, and occasionally in strata of coal. 

26. Copper is found in Europe^ in France, Germany, Tran- 

sylvania, Silesia, Sweden, Norway, Great Britain, Ireland, and 
Spain ; in Aeia^ in Siberia, Kamtschatka, Japan, China, Per- 
sia, Arabia, and tne Indian Islands ; in Africa^ in Barbary, Mo- 
rocco, Abyssinia, in the mountains north of the Cape of Good 
Hope, and in the Namaqua country; in in the North- 

western Territory, in Pennsylvania, and various other parts of the 
United States, in Mexico, (yhili, and Brazil, in which last coun- 
try a mass was discoverr^. weighing 2666 Portuguese pounds. It 
occurs in primitive and transition rocks, porphyry, syenite, and 
sometimes in sandstone, in coal strata, and alluvial soil. 

27. 'Tin is found in England more abundantly than in most 
other countries, mines or tin-works of some kind having existed 
in Britain before it was known to the Romans, and it was imported 
from that island by the mariners of Phenicia and Carthage. The 
other parts of Europe in which it principally occurs, are Saxony, 
Bohemia, and France i- the quantity found in Spain and Portugal 
is inconsiderable. In Asia it is found in China, Siam, Pegu, in 
Sumatra, Ceylon, Banca, and ot|;ter islands ; and in America^ in 
Mexico and Buenos Ayres. It is considered as one of the most 
ancient of metals, having Deen discovered only in primitive rocks, 
as granite, gneiss, mica-slate, and clay-slate, or disseminated in 
soils formed from the decomposition of such rocks. 

28. Mercury is found in Europe^ in France, Bavaria, the Aus- 
trian dominions, and Spain, and in Italy and Sicily, but in com- 
^«aratively small quantities ; in Asia the most productive mines 

In wb^t countries has silver been found ? 

In what class of rocks are lead ores most abundant ? 

What countries possess mines of copper ? 

In what variety of rocks or soils does it occur ? 

W hy is tin regarded as among the oldest metals ? 
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are in China and Japan ; and in America^ in Mexico and Peru, 
especially that of Guancavelica. Mercury differs from the metal 
just noticed, occurring but rarely and in small quantities in primi- 
tive countries, the principal deposits being found in bituminous 
slate, sheHklimestone, and breccias. Dolomieu discovered it 
among the products of volcanoes, doubtless sublimed by subter- 
ranean fires. * 

29. Iron is the most abundant of metals in every part of the 

world, and is found in Europe^ in England, Scotland, in Ireland 
more rarely, in France, Sweden, Norway, the Austrian empire, 
in the southern part of Russia, in Bavaria, Prussia, Saxony, 
Hesse, the Netherlands, Switzerlandf Savoy, Piedmont, Naples,* 
Sardinia, Elba, Spain, and Portugal ;*in Asia^ in Siberia, Arme- 
nia, Natolia, Persia, Arabia, Tartary, Indostan and China; in 
Africa^ in Morocco, and in Congo ; and in America^ abundantly in 
several of the United States, in Mexico, and Brazil. This metal 
is so generally diffuseS throughout the minerat kingdom, that, as 
Mr. Brande observes,*/^ there are comparative! v few fossils which 
can be said to be perfectly free from it.” There is no kind of 
rock or formation — primitive, transition, secondary, alluvial, or 
volcanic — in which it does not make its appearance ; and its saline 
combinations, being dissolved in subterraneous waters, form chaly- 
beate springs. • 

30. The principal mines of Antimony ^ in Europe, are those ol • 
Scotland, Hungary, Bohemia, Saxony, France, Spain, Transylva- 
nia, and at Neuwcid, below Coblentz, on the right bank of the 
Rhine; and in America, in Mexico and Brazil. It occurs in primi- 
tive and transition rocks, exclusive of (mpp and serpentine ; and 
likewise in porphyry and syenite. 

31. Bismuth is obtained in England, France, Germany, and 
Sweden ; in Siberia and in Brazil; chiefly from mines of other 
metals. If appears to belong exclusively to primitive countries. 

32. Mine is found in Belgium, in the territory of Limburg, in 
Prussia, Austria, France, Spain, and England ; in Siberia, where 
the mines are not worked ; and in America. It occurs in primi- 
tive, transition, and secondary rocks, calcareous, argillaceous, and 
siliceous. 

33. Cobalt is found in Saxeny, Austria, Prussia, Hesse, and 
other parts of Germany, Norway, jnd Sweden ; likewise in 
France and Spain, but the mines are not worked. It occurs in 
primitive mountains, except those of limestone, trapp, and serpen- 
tine ; and likewise in transition mountains, and in sandstone. 

In what countries is mercury found in the greatest abundance 7 

In what classes of rocks is it met with ? 

Which of the motals is found in the greatest abundance in nature? • 

What has been remarked of its prevalence in variqps geological formv 
lions ? In what countries and in what class of rocks does aniimony oc- 
cur ? — bismuth ? — zinc ? — cobalt ? 


* Oxidulated iron is said to have been collected on the sea-shore, near 
Puzzuoli * • 
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34. Nickel is found in France, Spain, Bohemia, and in England 
more rarely; likewise in Siberia; and it is a general, if not a 
constant component part of aerolites. This met^, which is one 
of the least abundant, is usually met with in the same situations 
with cobak and arsenic, accompanying the ores of th^se metallic 
bodies. r 

35KiMangancsc is among the products of the mines of England, 
Scotland, France, Hungary, Transylvania, Saxony, and Bohemia. 
It is found in primitive and transition mountains, and sometimes 
in the lower stratified rocks. ** 

36. Chrome occurs in France, Norway, the Tyrol, and at Eka- 
therineberg, in the Ural Mountains. It is generally embedded in 
gneiss or mica-slate. ^ 

37. Arsenic is found in Saxony, Silesia, Baden, Hungry, and 
Transylvania; and in England, in Cornwall; in Siberia, in Ar- 
menia, on the right bank of the Euphrates, and elsewhere; in 
the tin-mine of Kilknfu, in China ; and in ^Mexico. It occurs in 
primitive and transition mountains and in p^^rphyry.* 

The other metafs have scarcely yet been applied to any pur- 
poses of utility ; and most of them are of rare occurrence. 

Art of hurt in g. 

38. The working of mines for the purpose of extracting 
metallic ores, may be supposed, like several other useful arts, 
to have originated from accidental circumstances. It. has been 
already stated, that some metals, and especially gold and silver, 
have been occasionally f(\und on the surface of fiie earth, or at an 
inconsiderable depth beneath it ; and hence it may not unreasonably 
be presumed, mankind first became acquainted with the treasures 
of the mineral kingdom of nature. But though accident might 
ha{|^ led to the discovery of the precious metals, whrch always 
occur in a state of purity, or else mechanically mixed with other 
substances, that is by no means the case with the metals in gene- 
ral, by far the greater number being obtained in the form of ores, 
consisting of sulphurets, oxides, chlorides, or metallic salts, con- 
stituting chemical compounds, often presenting to the inexpe- 
rienced eye no traces whatever of the usual characteristics of a 
metallic body. 

39. If metals in such a- state, had been commonly dispersed 

In what countries fuid in what class of rocks does nickel occur? 

With what metals is nickel commonly associated ? 

In what countries and in what situations is manganese found ? 

Whore is chrome obtained ? — arsenic ? 

^ow may we suppose the working of metals to have originated ? 

In what four classes of compounds does the greater number of metals 
occur in ipiture ? 

* Nouv. Diet. d’Hist. Natur. appliquee aux Arts, &c. Paris, tom. xxi. 

1818 ; Art. Mine ; Bakeweirs Introd. to Geology, chap. xix. ; and M6tal- 
lurgiotPratique, formant partie de la Bibliothcque Industrielle. Paris, 1827 
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OR the superfices of the terrestrial globe, they might for ages have 
passed unnoticed or unappropriated, till their real nature and com- 
position had been developed by some fortunate accident, or ascer- 
tained by the slow process of observation and experiment. Some 
have ascriS^c^ the discovery of the nature of metallic ores, and 
of the method of reducing them, to the conflagration of forests on 
the sides of metalliferous mountains. ^ 

40. Bishop Watson says, “The most obvious method of clear- 
ing a country of its wood is seUing it on fire ; now in most 
mineral countries there are veins of metallic ores, which lie con- 
tiguous to the surface of the earth, and these having been fused 
whilst the woods growing over tlfh|p were on fire, probably 
suggested to many nations the first idea of smelting ores : 

‘ Powerful j^old first raised his head, 

And brass and silver, and ignoble lead : 

When shady vvooeft on lofty mniintAins grownf 
Felt sc'.orehing fir^s ; whether from thunder thrown, 

Or else by man’s clesign the flames arose — • 

Whatever ’twas that gave these flames their birth. 

Which burnt the tow’ring trees and scorch’d the earth ; 

Hot streams of silver, gold, and lead, and brass, 

, As nature nave a hnllovv, proper place. 

Descended down and fiirmed a giitt’ring mass^* 

41. “There is no natural absurdity in this notion of the poet; 
and indeed it is confirmed by the testimony of various ancient 
historians, who speak of silver and other metals being melted out 
of the earth during the burning of the ^yoods upon the Alps and 
the Pyrenees. A similar circumstance is said to have happened 
in Croatia, in the year 1763 ; a large mass of mixed metal, com- 
posed of copper, iron, tin, and silver having been fluxed during 
the conflagtation of a wood which was accidentally set on fire®”* 

42. The discovery of the existence of veins of metallic ores within 
the bowels of the earth, whether it originated solely from the re- 
searches undertaken in consequence of such fortuitous circum- 
stances as those here specified, or from some other causes, must 
have led to some of the simpler processes of mining ; and the art 
must have been improved and^ extended, like other arts, by the 
invention of methods for overcoming occasional obstacles, and 
through the necessity that from time tb time occurred of making 
experimental researches. 

43. In the prosecution of such undertakings the miner must 
frequently be guided by appearances, on which he may perhaps 
be induced to rely, without being at all able to trace their con- 
nexion with the objects of which he is in quest. “ Thus a green* 

To what occurrences has the discovery of the ait of work^g metals 
been ascribed? 

What testimony have we of the correctness of this supposition? 

* Chemical Essays, vol. v. 

R 2 
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earthy matter is a good symptom in a tin mine ; a brown, ochry 
earth, and compact iron pyrites, are regarded as favourable omens 
in a copper mine. Detatched pebbles of ore, or fragments of 
veinstones, have sometimes led to the riches of the v§in ; and tin 
has especially been thus discovered in Cornwall. ^ The miners, 
though a shrewd clasi^ of people, are often preyed upon by the 
most fhlgar superstition, and many ancient absurdities are still 
retained and cherished in their art. The divining-rod and other 
oracles are yet consulted ; genii are said to preside over the mines, 
and he who inadvertently whistles when below ground, breaks 
the spirits of his companions for the day, though freely permitted 
to indulge in his musical disposition in the form of a song. 

44. “ In older mineralogical works, we read much upon these 
and other subjects. Flames of light have been described as 
playing over a district which afterwards has been found to contain 
subterranean Tichei|.; and this may have arisen from the good 
electrical conducting powers of the vein. The waters issuing 
from the soil sometimes hold metallic salth in solution, and re- 
positories of metals have been discovered by circumstances of 
tliis kind. Copper veins tinge waters blue, and a piece of grease 
put into them becomes rapidly stained of that colour. There is no 
popular notion more^ common than that metals grow in the veins; 
an idea which may very probably have originated from observing 
^ho depositions of one metal by the introduction of another into 
its solution, as when silver is precipitated by the introduction of 
a plate of copper into its solution, or copper by iron. 

45. Districts rich in metals are generally barren, and seem pe- 
culiarly dreary and desolate: to the traveller. This partly arises 
from the nature of the strata, and partly from the heaps of rubbish 
and hills of stone thrown upon tne surface, and partly from the 
operations carrying on in the vicinity being inimical to vegetation. 
The*iiigh road through Cornwall, especially near Redruth, is an 
excellent specimen of this kind of country ; wdiile, at the same 
time the romantic beauty and luxuriant vegetation of many parts 
of that county and of Devonshire, prove that exterior cultivation 
is not always incompatible with internal riches. The neighbour- 
hood of the Parys mountain, in Anglesea, is singularly marked by 
sterility and gloominess. The soif, naturally unproductive, is 
Tendered more so by the poisonous waters that traverse it, and by 
Ihe sulphurous vapours that float around. There are not only no 

What exterior characters of the ground are oflcn relied on, to indicate 
the presence of metallic ores beneath the surface ? 

What superstitions are prevalent in mining districts ? 

W!int aid have the waters of a country been found to afford in judging 
of mineral 'treasiirea? 

What iiotiCti is entertained respecting the growth of metallic veins ? 

What state of soils appears to prevail in mining districts ? 

To what is this attributed ? 

By w'hat circumstance incident to mining operations is the natural ste- 
rility of the soil increased 7 
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shrubs and trees, but the barrenness is unrelieved even by a single 
blade of grass, or the rusty green of a hardy lichen.’’* 

46. The construction of works in mines must vary according tc 
circumstan^s, as the forms of hills, the position of ores in beds 
or viens, anil the obstacles to be encountered in excav^ing them. 
Sometimes mines are formed by driving a IdVel from the mountain 
to reach the vein, the contents of which may be removed through 
this lateral opening, in which case shafts are only re«]ui red for ven- 
tilation. This seems to be among^the simplest modes of opera- 
tion ; and another is, following the ore from its outlet at the sur- 
face as far as circumstances will allow. When regular metallic 
viens are found in primitive rocks, tWfey are sometimes worked to 
great depths by more varied and extensive operations, being oc- 
casionally carried below the level of the sea. In such cases per- 
pendicular shafts are formed, by means of which the accumulating 
water is drained by lyachinery ; and these i^afts communicate 
with levels driven upon the lode or vein at various depths. 

47. The art of minhig comprises a variety o& processes, essen- 
tial or accessory, the most important of which are included in the 
following enumeration: — (1.) Works of research, undertaken for 
the purpose of discovering metallic beds or viens. (2.) The con- 
struction of shafts and galleries. (3.) The tracing of the bearing, 
direction, and probable extent of the mineral deposits. (4.) Exca- 
vating the metallic ores. (5.) Woiks requisite for ensuring the 
security of the shafts and galleries ; as propping, planking, plaster- 
ing, walling, building arclics, &c. (6.) Making air>shatts or fun- 
nels, and other arrangements necessary for securing a proper venti- 
lation, throughout the works. (7.) Metlitofls of raising or transport- 
ing ores or minerals to the surface. In the mines of England and 
8ilesia, iron railroads or canals are sometimes constructed for the 
conveyance of the mineral produce ; as in the Worsley coal-miims, 
in Lancashire, where subterranean canals were formed by the cele- 
brated Brindley, before the middle of the last century. 

48. In the iron mines at Kahlun, in Sweden, and in the mines of 
rock-salt, in Calitzia and elsewhere, when the excavations are suf- 
ficiently capacious, horses are sometimes introduced to work under 
ground, a practice which does not appear to have been adopted in 
England ; though those animals were commonly employed to work 
machinery on the surface, before the iniroduction of steam-engines 
into the mining districts, and are still used in many situations. 

What is ono of tho simplest modes of arriving at subterranean veins of 
ore 7 In what maiiiicr is this effected in level countries 7 
What is meant by the term lode in mining 7 
What is the first kind of labour connected with this art 7 
What is the second 7 third ? fourth 7 , 

What kind of precautionary operations do the preening laboura required 
What works are necessary with a view to the health and comfort of the 
miners 7 

What for the removal of the products of the mine ? 

* Brande’s Lectures on Geology, lecL*vi. * 
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(8.) Removing or stopping out water. (9.) The accessory opera* 
tions of blasting rocks with gunpowder, or hring them by kindling 
on their surface large piles of wood, and thus causing them to split 
by the effect of heat, as is practised in the mines of Ragt^melsberg, 
in the Harfe; those of Geyer and Altenberg, in Sa](ony ; of Fd- 
sobanya, in Transylvahia ; of Kongsberg, in Norway ; and otbers. 
(10.) Among the most important accessory arrangements are those 
which relate to lighting the mines and providing against the dan- 
ger of explosion where the inflammable vapour called fire-damp 
occurs ; and to obviate this, various plans have been adopted, as 
the use of steel-mills, and Davyds wire gauze lamps.* 

49. Any detailed notice of fhining operations, though it might be 

rendered interesting, would be quite inconsistent with the plan of 
this work ; but a few particulars may be added, relative to the 
manner in vrhich gold and silver mines were worked, both in 
Europe and Aincri|p, in the seventeenth cemtury; and also con- 
cerning the modes of proceeding at present among the miners in 
Cornwall, England. • 

50. At Kremnitz, in Hungary, there is a gold mine, which 
when it was visited by Dr. Browne, about 1680, had been worked 
nine hundred and fifty years. It was nine or ten English miles in 
length, having one ^horizontal passage or gallery, eight hundred 
fathoms in length, called the Erbstall. Its depth 'was above one hun- 

^dred and seventy fathoms. Ladders were not used to descend 
into the mine, but persons were let down by a cable, to which 
was affixed a seat of leather, affording a safe and convenient car- 
riage even to those who 'v\ ere not used to it. Inhere were six 
shafts or perpendicular pAsTthat might be entered in this manner, 
each having a distinct name : (1.) That of Rodolphus. (2.) Queen 
Anne. (Jl.) Ferdinand. (4.) Matthias. (5.) Windshaft. (6.) Leopold. 

51. “ 1 went down,” says the traveller, “ by the pit of the em- 
peror Rodolphus, gently descending by the turning about of a 
large wheel, to which the cable is fastened, one hundred and eight 
fathoms deep into the earth ; and after many hours being in the 
mine, was drawn out again by Leopold's pit, straight up, above 
one hundred and fifty fathoms, a height surpassing that of the 
pyramids by a third part. At the bottom of which pit I was not 
discouraged to find myself so deejf in the earth, for considering 
1 was yet above three thous(gnd mites from the centre, f I thought 
myself but in a well. It is built on all sides with fir-trees, one lying 
upon another, (like tranverse logs,) on the four sides, from the 
top to the bottom. The miners work towards one, two, or three 
of the clock, as they speak; for they direct themselves under 
ground by a compass, not of thirty-two points (such as is used 

Hi whnt two w'ays is heat applied to split the rocks of mines? 

«Ilow is light obtaiiRjd in underaround operations ? 

What aclount is given by Dr. Browne of the Hungarian gold mines ? 

* See Scientific Class Book, pt. i. p. 326 1 also. Treatise on Chem. No. 282L 

t N^rer four thousand miles. See Scientific Class Book, pt. i. p. 
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at sea,) but bv one of twenty-four, which they divide as we do the 
hours of the day, into twice twelve.”* 

52. The silver mines of Potosi, in Peru, which are among the 
richest hitherto known, were discovered in 1545. For the more 
convenient working of the mines, the Spaniards dug«ga1leries, 
which they call socabonos, from the foot f of the mountain of 
Potosi, towards the west, passing through horizontally to the nine, 
each gallery being eight feet broad and a fathom deep, and closed 
with gates that might be locked, through which the silver is 
carried out, and where the owner of the socabon receives a fifth 
part. The socabon leading to the rich vein was begun in 1556, 
and finished in twenty-nine years, egctending two hundred and 
fifty rods in length. The miners worl^by candlelight, both day 
and night, by turns : those that work in the day sleeping in the 
night, and those that work in the night sleeping in the day. 

53. The ore, which is as hard as a stone, is cut out with pick- 
axes, beaten in pieces with an iron crow, and caiff ed by the miners, 
upon their backs, up ladders made of leather. Each ladder has 
three leathern ropes, aoout the thickness of a cdble, stretched out 
by sticks, so that one labourer may go up on one side, while 
another comes down on the other. Each ladder being ten fathoms 
in length, has its respective floor, on which the labourers rest 
during their ascent; the number of the floors differing according 
to the depth of the mine. The men carry the ore in bags fastened 
before their breasts, and passing over their shoulders behind their 
backs ; going up three and three together, the foremost with a 
lighted candle tied to his thumb, so that both hands are at liberty. 
Thus loaded they scramble up and down pne hundred and fifty fa- 
thoms; exposed, besides other perils, to^the danger of destruction 
from the falling in of the mines, or of part of the sides of the ill-con- 
structed pits or shafts. They suffer also from the cold temperature 
of these sulfterranean passages. The silver runs for the most pyt 
between two rocks, as in a Tong channel ; one side being as hard 
as flint and the other much softer.f 

54. This defective and laborious method of working the mines 
in South America, seems to have been retained till the foundation 
of independent states in that part of the new world, on the ruins 
of the long misgoverned Spaijish colonies. The improvements 
which have taken place, however, have been chiefly, if not entirely, 
owing to the investment of British property in the mines of Peru. 

What is meant by working towards *^one tnfo or three o'clock, dtc.? 

How early were the Peruvian silver mines discovered? 

In what manner are these mines approached? 

What is the consistency of the ore of Potosi ? 

In what manner is it removed ? 

How long was the old South American sjrstem of n^ining retained ? 


* Sir Thomas Pope Blount’s Natural History, pp. 229 — 231 ; from Tra- 
vel’s in Hiingaria, &c., by Edw. Browne. M. D. 
t Sir T. P. Blount’s Natural History, pp. 242 — 244. 
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Fifteen or sixteen years since steam-engines were sent from En- 
gland,, which were used in working the shallow mines of Pasco; 
and as Mr. Phillips observed, “It may be assumed that the supe- 
rior skill of the British miners, assisted by the power of the steam- 
engine, ^here wood or coal is found in sufficient abundance for 
fuel, will be able to a^:complish much more than could be performed 
by systems so rude, if system it could be called, where no regu- 
larity existed in the underground workings.”*' 

55. The principal mining districts in South Britain, whence 
metals are procured, are in Comberland, Lancashire, Derbyshire, 
North Wales, and Cornwall. Those parts of the north of England, 
in which lead is chiefly found, are more mountainous than the 
metalliferous tracts in C(\rnwall, and the mines in general are in 
elevated situations; and not being very deep, the water may be 
readily discharged by cutting a passage or adit, through which it 
may flow into the valleys, and thence to the sea. Hence steam- 
engines are but JHtle needed, and a veryigreat expense is saved. 
But in the mining districts of Cornwall steam-engines, and some 
of enormous power, are constantly used ; the water-wheels being 
comparatively few. The mining tracts are but little elevated, 
seldom excc^eding 500 feet above the level of the sea ; and the 
streams of water are but inconsiderable in point of dimensions or 
power. 

56. In Cornwall, it has been observed, that the difficulty is 
not where to find a vein, but where to find a good one. A good 
neighbourhood ; a fine froasan (a loose, friable, ochreous substance, 
principally siliceous) in the upper part of the vein or lode ; plenty 
of black Jack, (blende^) for “ black Jack ” says the miner, 
“rides a proud horse and if at some depth, on cutting the lode, 
the mine is inundated with water, these are symptoms of encou- 
ragement for the miner, even if little or no copper ore should 
appear near the surface. Having selected the vein he means to 
work, and secured the right of working it, by obtaining a lease of 
the mine for a term of years, it is necessary to determine what 
part of the vein to begin upon, which, however, is often decided 
by convenience, or the facility of bringing up to it an adit from 
the lowest ground within the settled limits. The next object is 
to sink a shaft, the underlie of the lode being first determined, 
often by sinking down a short distance from the surface on its 
course. The shaft, however, is seldom continued in this direction, 
but is in general carried down vertically. 

To what may we look for improvements on tliat system in die future 
operations in the mines of that country ? 

flow are mines in the Nordi of England freed from water ? 

. Why may not the same plan be adopted in the Cornish mines ? 

, What disadvantage is felt by mining districts near the level of the sea f 

What esterior indications encourage the miners to hope for rich veins 
of copper ? 


* Outlines of Mineralogy and Geology, 4th edit p. 196. 
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^ 57. Thus if a copper lode or vein runs east and west through a 
hill, the adit is driven from near the base of the hill to the lode 
underlying north, and through it to the shaft, which is perpen- 
dicular. The place of the shaft on the surface is to be determin- 
ed by the underlie of the lode ; from knowing which miner 
decides on sinj^ing his shaft, so as to cut or traverse the lode at a 
particular depth beneath the surface, according to circumstaqces. 
When the miner wishes to examine the lode above the level of 
the adit, he forms a cross-cut or passage from the shaft to the 
lode, and in the same manner other cross-cuts may be made be- 
low the adit, running parallel with it, and extending to the lode. 
In either case he may be incommoded by water, and conse- 
quently it will now be necessary to ^rect machinery near the 
mouth of the shaft, for the purpose of raising and discharging the 
water; and it will also serve to raise the ore, as well as any rub- 
bish which requires removal from below. 

58. Thus the miner may continue to explofo the lode, to such 
a depth as he thinks proper, or as far as he can conveniently. 
Should he perceive inSications of a rich lode, hewever, instead ot 
making more cross-cuts, he will probably be induced to extend 
his working horizontally in the lode itself, as far as may be 
desirable in cither direction, examining it thus in several places,^ 
and hollowing out as he proceeds those paa^ages in the mine' 
which he terms levels. As the cross-cuts are generally ten 
fathoms apart, he describes the place in which his work is pro- 
ceeding, in raising ore, for instance, by saying that it comes 
from the ten or twenty fathom level going east or west from such 
a shaft, each shaft having its own des^nation; but only such 
levels are reckoned as are below the adit. 

59. In sinking the shaft, or driving the cross-cut, or ex- 
tending on the lode, the miner sometimes finds that he is 
in want of>air; not that the fire-damp occurs, as in some conU 
mines, causing so many fatal accidents ; but that the vital 
part of it is so nearly consumed, that the very candle burns 
dimly ; and this would be a sufficient indication to the miner, even 
if his own breathing were not affected by it. This want of air, 
however, is rarely felt when there are in the mine several shafts 
connected by underground workings ; and when it does happen, a 
supply of atmospheric air is obtained by means of a pipe or trunk of 
wood or metal, extending from about six feet above of the surface 
to the lowest part of the workings, or to such a place as may be 
most convenient, and having on the top a wooden box turned to 
the w’ind ; and there is a more effectual mode, which consists in 
placing on the top of a pipe, the upper part of which is of iron, a 
small stove or grate, containing coal, inclosed in such a manner 
that the fire can only be supported by drawing its supjjlies of uir 

ITow is tho inclination or underlie of a metallic vein determined 7 

How are adits dug with reference to the underlie of the lode 7 

What is meant by “ levels'* in the working of a mine 7 

By what devices is the want of fresh air supplied 7 What, besides the 
difficulty of breathing, apprizes the miner that the air is becoming impure 
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from the bottom of the working ; and thus the foul air passes up 
the pipe, and a constant current is kept up ; the candle then re* 
Bumea its splendour, which, however, is but feeble at the best, 
and the miner breathes more freely. 

60. IC.the quantity of water which enters the minp,be so OTeat 

that it cannot be d^charged fast enough by a hprse-wheel and 
buc)rets, and circumstances do not admit of the erection of a water* 
wheel sufficiently powerful, the only resort is a steam-engine. 
Two large steam-engines are not uncommonly employed in one 
mine ; and there are many inotances in which one engine, with 
its apparatus and pumps, together with the expense of sinking a 
large shaft on which to place it, have cost more than forty-iive 
thousand dollars. The miner does not calculate the power of his 
engine with reference to horse-power, but by the diameter of the 
cylinder. The cylinders of the largest engines in Cornwall are 
91 inches in diameter. There are two of 90 inches on “ the Con- 
solidated mines. j 

61 . As an extreme instance of the prevalence of water in some 
mines, it may be'Mnentioned, that from one in the western part of 
Cornwall, not many years ago, after a long series of very wet 
weather, the engines were computed to draw oif 1600 gallons 
every minute, day and night, during six weeks. The steam-engine 
or engines are commonly placed on the largest and the deepest 
shafts in the mine. An ordinary shaft, or one which is only to 
contain the ladder, (for the miner always descends by the ladder, 
never by the rope, as in coal-mines,) is only just large enough for 
that single purpose; but the engine shaft, as it is termed, is ge- 
nerally large enough to admit of two divisions, one for the pumps, 
and another for the bucl(c?c or kibble^ and sometimes a third division 
as a footway or ladder ; and the bottom of this shaft is generally the 
deepest part of the mine, and is termed by the miner the sump» 
Iq^the bottom of it, to which the pumps extend from the summit, 
the waters of the mine collect by means of the underground work- 
ings connected with it, and the incessant drainage into it from 
the country or rock, in which the mine is situated. But besides 
being employed in discharging the water of a mine, the steam- 
engine is sometimes used for the raising of ores, which it does 
with a rapidity far greater than can be attained by any other 
means ; sometimes, however, very^ small engines, termed steam- 
whims, are erected for thit. purpose alone, in such mines as are 
very rich.* 

To what are miners compelled to resort in cases where great quantities 
of water enter the mine ? 

What remarkable instance of interference from water in mines has been 
experienced ? 

Wn what, situations are the engines ibr discharging water commonly 
placed ? 

What is meant by the sump of a mine ? 

What by the Jbm? 

What name is given to the engines which raise only ore from a mine ? 

* See Philips’s Outlines, p. 198. dec. 
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62. Dolcoath mine, situated at the northdru foot of Carnbrae, 
a granite hilly contiguous to Redruth on the west, is one of the 
deepest, if not the deepest in Cornwall, being about 250 fathoms 
from the surface to the sump. This mine has been working 
above fifty ^ears, and is still rich, and its undergroun^i^jvorkinars 
are very extensive. The copper mine of Ecton, in Staffordshire, 
is now worked at the depth of 472 yards,%eing the deepi^t in 
England. The deepest mine in Euroj)e, or in the world, is said 
to be that of Truttenberg, in Bohemia, which is worked 1000 
yards below the surface. • 



63. The preceding section of an extensive mine will serve *4o 
give the reader some notion of the forms anc^ dircctibns of the 


What are the depths of some of the deepest mines in Kiiropo ? 
Draw and explain the section of a mine. 
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shafts, galleries, or cross-cuts, and other works requisite for the 
extraction of the ores of metals from the bowels of the earth. 

A. Principal shaft, for raising water and ores : this pit commu- 
nicates above with a horse-wheel, and lower down with the adit 
P, and inferior galleries or cross-cuts. 

B. Water-wheel tQ w’ork pumps or other machiiiery in the adit 
or grllery F. 

C. Large air-shaft, communicating with the lowest gallery. 

D. D. Shafts of communication between the galleries. 

E. E, E, E. Galleries at different depths, in the line of the 
vein or lode, for the extraction of ores or water. 

F. Principal gallery, or adit, for the discharge of water raised 
into it by pumps, or descending from works in the higher part of 
the mountain in which the mine is situated. 

G. Horizontal wheel, (worked by horses,) round barrels fixed 
to the axis of which pass ropes, extending over pulleys, and de- 
scending into the <..haft A. 

H. Jiurge shaft traversing the lode, extending from the surface 
to the bottom of the mine, and serving for tlie descent of miners, 
and as an air-shaft. Stages or floors are placed in it at short dis- 
tances, to lessen the danger of accidents. 

G4. Such are the usual arrangements adopted fur the works of 
mines, in most situations, and under favourable circumstances. 
In particular cases, however, additional constructions are required 
for the prosecution of such undertakings. The galleries of some 
mines are extended under the bed of the sea, when of course 
especial attention must be paid to the support of the roof of the 
mine. ^ 

G5. Perhaps the most remarkable work of this description was 
a mine opened more than a century ago, in the midst of the sea, 
nea the port of Penzance. At low water in this place a gravelly 
bottom w'as left bare, in which appeared a multitude of small 
veins of tin ore, crossing each other in every direction. The sub- 
jacent strata also contained this mineral in considerable quanti- 
ties ; and works were carried on in the rock whenever the sea, 
the time, and the season would permit, until the depth became 
too great. 

66. The place where this submarine tin ore was found was 
about two hundred yards from the slfere ; and the bank of the sea here 
being very steep and high, the distance is considerable, even at 
low water ; and at high tide tlie rock is covered by three fathoms 
of vrater. As .the liottom is gravelly ^nd full of rocks, the waves 
become much agitated, and rise to a great height when the wind 
blows from particular points. This inconvenience takes place 
throughout the winter, and had always led to the failure of diifer- 

eift attempts which had been made before to drain the mine and 
<• ‘ 
u 

What peculiar precautions are required in submarine mining ? 

What instance of this is particularly worthy of notice ? 

What depth of water was sometimes (bund o\‘er the Penzance mine 7 
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raise the ore. At low water-mark, the rock appears a little above 
the surface of the sea ; but during some months of the year it is 
never uncovered. 

67. Against all these difficulties a single individual, whose 
property not worth three crowns, and who undeHook the 
work anew, haM to contend. This courageeus miner employed 
three summers in sinking a pit, during which time he could^nly 
work two hours a day, and every time he went to work he found 
his excavation full of water, which he was obliged to empty out 
before he could recommence workiftg ; and this occasioned great 
difficulties when he set about blasting the rock. He therefore 
built round the mouth of the pit a turret of wood impervious to 
water, or a sort of coffer-dam, and by tills means was able to pro- 
long the time of working on the rock. And by raising the turret 
above the greatest height to which the sea could reach, he endea- 
voured to keep out the water entirely. 

68. But here he hfid new difficulties to encounter: first to 
make the turret water-^ight ; and secondly, to secure it in such a 
manner that neither the dux nor reflux of the seS, or the shocks of 
the waves, should overturn it. The rock was, fortunately, of por- 
phyry ; jiot too hard to cut, but still very firm. He shaped the 
portions‘*'he separated from it, and disposed them in a regular 
manner at the foot of the turret, and closed land caulked with 
oakum and fat cement all the interstices between the wood and 
the stone, so that the whole was united into one mass. The pit, 
like all those in Cornwall, was lined with planks, all the joints 
being well caulked or pitched. When this frame-work was thus 
constructed, he supported it with iron braces. About the mouth 
of the pit he raised, upon four great pilds, a platform of planks, to 
support the windlass, which was worked by four men. When 
with great labour and difficulty the pit and tower were finished, 
he then reaped the fruits of his industry, and establishing a 
gular work at Stockwork, he drew from it in a little time a consi- 
derable quantity of tin, and put his adventure on a good footing. 

611. There were times, however, when his undertaking was not 
in so good a state. To save expense and diminish his labours, he at- 
tacked the part of the mine overhead, by w^hich means, at high 
water, the sea penetrated through the chinks of the rock, so that 
he was obliged to sustain the*roof, which was pretty extensive, 
in some parts by planks and thick prepay to prevent the great mass 
of water which pressed on it above from driving it in. Besides 
this, notwithstanding all hjs endeavours, it was not possible to 
keep his wood-work water-tight in the winter, and when the sea 
was rough, he could not transport the ore ashore in his boat. In 

What expedient enabled the miner to obviate the difficulty arising from 
Iho water ? ♦ * • 

What device enabled him to raise the mineral from his Submarine 
pit ? 

What difficulty arises from the hydrostatic pressure in excavations un 
ler the ocean ? 
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the autumn of 1790, the chamber excavated in the inside of the 
rock had the following dimensions : 

Greatest depth ----- 36 feet. 

Bt'pth to the level of the passage - 26 feet. 

Greatest diaiEeter of the chamber - 1% feet. 

Least diameter - - - - 3 feet. 

70. Four men in two hours ^emptied the pit of water by the 
windlass, at the rate of four tons in a minute, towards the end of 
which time, six men drove it from the bottom of the pit, and 
poured it into the passage^' After drawing out the water, they 
worked six hours on the H>ck. From one tide to another, they 
raised about thirty sacks of ore, each sack containing fourteen 
gallons, fifteen-sixteenths of which were so rich, that they pro* 
duced one-sixth of a hundredweight of tin, and one-sixteenth of a 
hundredweight was procured from the remainder : so that in six 
months they raised to the value of 600/. 8tei'*ling of tin. As most 
of the ore was inferspersed in a hard rock, difficult to pound, the 
undertaker had it roasted in a common lime-kiln, which answeied 
perfectly well. There had been nothing of the kind done in Corn- 
wall before. This singular work was known by the name of 
Wheal Ferry; the ^lersevering individual who planned and exe- 
cuted it, died at the age of seventy years, in the winter of 1791, 
the mine having in the {preceding year yielded ore worth 3000/. 

The works thus ingeniously constructed, were subsequently de- 
stroyed by accident, and the mine was ruined.* 

71. In and on every rjjtensive mine, from one thousand to fif- 
teen hundred men, women, and children are employed. The men 
and the elder boys alone descend the mines and work under- 
ground ; the women break in pieces the ore with hammers, and the 
children pick and sort it. The best ores are at once broken small 
by the double-handed hammer, and put to pile, being in that state 
merchantable ; the inferior ores are broken by single-handed ham- 
mers, and sorted, the poorest are committed to the stamps, which 
are piles or heavy beams of wood, shod with iron, and tilted, or 
raised and let down alternately, by means of an axle turned by a 
water-wheel ; and thus the ore is ^ruised so fine, that the whole 
mass has, after being washed, the appearance of slime, and in this 
condition it is sold.f * 

How extensively was the Penzance mine excavated? 

What was the ultimate success of the Wheal Ferry ? 

What number of persona are commonly employed in Cornwall about a 
sinale mine ? 

How are the several classes of persons respectively engaged ? 

Describe the several modes of levigating the ores of copper. 

« — — 

* Dr. Ijfirdner’s Treatise on the Progressive Improvement and Present 
Sfafe of the Manufactures in Metals, vol. iii. pp. 15—17. 

t Phillips’s Outlines, pp, 207. 208. 
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72. The copper ores of Cornwall are not smelted in the county, 
in which coal is not Tound, but are shipped, gcinerally at the port 
nearest to the mine, for Swansea, in the vicinity of which the 
principal smelting companies have their establishments. Formerly 
there were one or two companies which smelted in Cornwall, but 
it seems to be found by experience to be less expensive to carry 
the ore to^he coal, than to bring the coal to the ore. ^he ore is 
taken on the "backs of mules to the port, •r in carts, or in one or 
two instances by a railroad ; and, in return, coal is brought<o the 
mine, shipped from Wales, in vessels which take back copper ore. 

Dochnas^. 

73. The art of assaying minerals^ for the purpose of ascertain- 
ing their composition, and especially Ahe nature and proportions 
of their metallic products, is termed docimasy, or docimastics. It 
differs from metallurgy in its strictest acceptation, in that the 
requisite operations of docimasy are performed on a small scale, 
and without any attention to those economical cf>nsiderations which 
are of so much importance in the processes of the metallurgist. 

71. The great object of assaying a mineral is to form an ac- 
curate estimate of its component parts and their relative propor- 
tions, and thus to discover whether it is rich enough in metal to 
pay the expenses of working a mine, and reducing the ore to the 
metallic state. These preparatory operations are peculiarly re- 
quisite, with regard to minerals or mineral products containing* 
the precious metals, because a knowledge of the exact quantity of 
metal in any substance, especially if the quantity be comparatively 
small, must be obtained before it can be possible to decide whether 
it will be worth while to undertake its extraction. 

75. There are three modes of conduefling docimastie operations : 
(1.) The mechanical assay; (2.) The assay by the dry method ; 
(3.) The wet assay. 

Mechanical Assays. 

76. Processes of this nature merely consist in the separation of 
substances mechanically mixed in metallic ores, and are executed 
by sifting, washing, and thus removing the soluble and lighter 
portions of the substance to be examined, so that the metallic 
particles may be obtained in ^ separate state. To make an assay 
by the mechanical method, the ore having been pulverized, a cer- 
tain quantity of it, by weight, is to bb put in a sieve with a little 
water, and then, by agitation, the lighter matters may be separated 
from the metallic particlcs,,in consequence of their superior specific 

In whnt manner do the Cornish miners dispose of their ore when ex- 
iruffed ? 

H )w docs docimasy differ from metallur^ ? 

What is tlio great purpose of assaying minerals? 

In how many dillerent modes are assays conducted? 

How are mcrhanical assays perlbrmed ? 

s2 
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gravity. Thus a moist mass, or seltlich^ ipore or less pure, ivill 
ne obtained, from which a judgment may be formed of the quality 
of the ore, and from this mass the whole of the metal may be ex- 
tracted by assaying it, either in the dry or in the wet method. 

77. Washing is practised as a method of assaying auriferous 
and stanniferous sands, or with regard to schlichs, which have 
been alre^y Washed, to ascertain the degree of pq.rity to which 
they have been reduceef. This mode of assay may be also ad van- 
tageoiTsly employed to separate the oxide of tin, and the sulphurets 
of lead and antimony, from the gangues or stony matter in which 
these ores are frequently dissem^inated. The same kind of assay 
may he properly used to discover whether scoriae, or other products 
of the furnace, retain enough metallic matter to make it worth 
W'hile to treat them on a lar^b scale by stamping and washing.* 

•Assays hy the Dry Method, 

7fl. The dry mode of assay has for its object the discovery of 
the nature and quaniity of the metals contairted in any ore ; but to 
prevent needless experiments, it is desirable, to be able to decide 
l>eforehand what r/ietal may be supposed to exist in a fragment 
of an ore about to be submitted to examination. To obtain this 
previous information, attention should be paid to mincralogical 
characters, which will often afford positive indications of the 
nature of the mineral ; but when there is any room for doubt, it 
^ becomes necessary to vary the mode of inquiry, and submit the 
substance to a twofold operation. Thus the mineral fragment to 
be assayed is to be divided into two portions, one of which may 
he analyzed with a view to discover the precise nature of the metal, 
and the other to determins? its proportion relatively to the other 
substances with which it is* mixed. 

79, Assays by the dry method require great skill in the operator, 
and but an inconsiderable apparatus. They may be performed 
genfjally in workshops, and they become peculiarly nebessary in 
those where ores are purchased from different localities ; because, 
when the quantity of metal they aflbrd can be ascertained, it be- 
comes easy to fix the price that must be given for the ores. These 
assays are performed by submitting the mineral body to the action 
of fire, either by means of cupels, retorts, matrasses, crucibles, or 
by the blowpipe. It is frequently requisite in these operations to 
add a flux, or some other substance which may facilitate the de- 
composition of the ore. 

Whnt is meant by tho term schlich in meclianical assaying ? 

Under what difibrent circumstances may the method of washing be 
adopted ? 

What is the object of assaying by tho dry method ? 

Whiit two piir{Kise8 are to be answered by this method ? 

V^hat are the requisites for prosecuting this mode of assaying? 

In what wtiy are ita processes executed ? 

* Metallurgie Pratique, pp. 33, 34. 
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80. The blowpipe ip peculiarly useful in conducting assays, in 
consequence of its reaay application, without loss of time or 
trouble, as it affords a simple and convenient method of heating to 
a high degree, very quickly, any substance sufficiently small to 
be involved in the flame excited by this instrument. There are a 
variety of Ibrms of the blowpipe, among the most conjenieiit of 
which are thq^e of Dr. Wollaston, described by Mr. iBrande,* 
and that of the Swedish chemist, Gahn. This blowpipe is com- 
posed of four tubes : (1.) The principal tube or mouthpiece (if the 
blowpipe; (2.) A cylindrical chamber to collect the water formed 
from condensation of the moisturevof the breath ; (3.) The beak, 
at the extremity of which is, (4.) The jet-pipe, through which the 
air escapes. The jet may be formed with an opening more or less 
minute, to suit particular purposes. 'This blowpipe, when taken 
to pieces, may be fitted into a box or case, adapted to the pocket, 
so that it may be ready for use in any situation. 


The accompanying figure represents this blowpipe, a is the 
main tube, to which is sometimes adapted an ivory mouthpiece, e, 
to avoid the contact of metal with the lips, b is the flat cylin- 
drical box, from the convex side of which projects the short tube 
o, to receive the end of a. In one of the flat sides of the box is 
fitted, with a swivel joint, the beak r,'with its jet-pipe capable 
of revolving into any position as indicated by d\ 

81. In employing this instrument, it must be held in the hand 
with the larger end of the tube introduced between the lips ; then 
the beak of the jet being approached to the flame of a wax caifdle, 
or that of a lamp, with a wick of a proper size, on blowing through 
the pipe the flame will be projected upon the substance to be 
assayed. A large wax candle will be found to supply the best 
flame, which, when urged by the blast, exhibits a double figure, 
the internal flame being conical, blue, and well defined, and at its 
apex the most intense neat is bxcited ; the external flame, encom- 
passing the other, is red, vague, and undetermined, and much 
inferior in temperature. 

82. Some attention is necessary to acquire the habit of properly 
using the blowpipe, so as' to throw the flame regularly and unin- 



Wliat circumstances render the blowpipe peculiarly serviceable for this 
purpose? Of what parts do the most approved blowpipes consist? 

In what manner is this instrument to be used ? - 


* See Webster's Manuel, on the Basis of Brand e't. 
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terruptedly on the body to be examined, an^ also to continue the 
blast during a sufficient time without fatigue and exhaustion. 
This object may be attained by first filling the mouth with air, 
which is to be driven through the tube by the pressure of the 
muscles of the cheeks alone, those of the chest not at all contribut- 
injT to the keeping up of the blast. To renew the air in^he mouth 
it IS necesskry to respire only through the nostrils, which may be 
done without discontirAiing the blast, and thus a person may con- 
tinue blowing a long time without inconvenience. 

83. The substance to be submitted to the action of the blow- 
pipe, should not be larger than a^peppcrcorn, and it may be placed 
on the extremity of a slip of platina, or held in a pair of pincers 
of that metal, or else laid in a small cavity on the surface of a 
piece of charcoal. In the latter case the charcoal should not be 
that of hr, or any other wodd which would be liable to sparkle in 
burning, and the cavity in which the mineral is laid may be 
covered with another piece of charcoal, only leaving an opening 
for the access of the flame. In most cases, instead of exposing 
the mineral merely to the action of the flanfe urged by the blow- 
pipe, the substancp is pulverized, and mixed, either with oil or 
with water, and some proper flux ; and a small pellet thus being 
formed, is to be submitted to the flame, and it will thus be less 
exposed to be driven off when the action of the fire becomes violent. 

84. When a mineral substance is heated at the extremity of the 
flame, on platina ortdiarcoal, uncovered and exposed to the air, it 

citiay become oxidated ; but when, on the contrary, it is heated 
without tlic contact of air, which may be done by covering it with 
charcoal, or projecting the flame so that it may environ the body 
on all sides, it will become disoxidntod, either entirely or in part, 
if it eontained oxygen. results in either cases will conse- 

quently be very different, for the first is termed the fire of oxida- 
tion, and the second the fire of reduction. 

85. When it is requisite to oxidate a metallic substance, com- 
bineii with any flux, it must be heated intensely, and when fused, 
gradually withdrawn from the point of the blue flame, and the 
operation repeated as often as may be necessary, using a jet of 
large aperture. The oxidation may also be acetderated by the 
addition of a small quaiitiiy of nitrate of potash. In order to 
reduce the metallic oxides, the glass bead formed by the sub- 
stance to be examined, and the fli^x, must be kept in fusion on 
charcoal as long as it remains without being absorbed, that tho 
metallic particles may colle*ct into a globule on the surface of the 
charcoal. It is then to be fused with a small quantity of subcar- 

IIow is respiration to be carried on while ‘Vve use the blowpipe ? 

Ilow is tho siiitstancc assayed by ilic blowpipe to be held ? 

What previous preparation oi’ a mineral iueilitates its treatment with 
the blowpipe ? 

wlint part pf the flame is called the oxuJafhtg fire f 

What pai(;t the rediiMng or deoxidating fire if 

In what manner is a metal oxidated \vhen combined with a flux ? 

How are the metallic oxidee thus formed to be finally reduced ? 



213 


MOJ6T METHOD OF ASSAYING. 

bonate of soda, ^hich will be absorbed by the charcoal, and the 
spot where the absorption has taken place must be strongly 
ignited, by using a tube with a small aperture. By continuing 
the ignitiqp, that portion of the metal not before reduced, will be 
brought to the metallic state, and the process may b^uickened 
by placing the globule on a smoky flame, #o that it may become 
covered with soot. • 

86. The beads which contain metals frequently exhibit a metal- 
lic splendour, especially if exposed to a gentle flickering smoky 
flame after the intense heat has ceased. With a moderate heat 
the metallic surface remains, but after a little practice it may be 
ascertained without difficulty, whether any metal is contained in 
the body under examination. It shotfid be observed that glass 
of borax alone sometimes assumes, externally, a metallic lustre. 
When the experiment is concluded, and the charcoal become cold, 
that part impregnated with the fused mass nmst be cut out and 
rubbed down with distilled water in an agate mortar, the soda 
which formed the due will be dissolved, the charcoal will float on 
the liquid, and may be poured off ; any of th^ metallic particles 
remaining at the bottom may then be examined. By this mode 
of assay most of the metals may be reduced.* 

Assays hy the Moist Method, 

87. When an ore is examined by the moist method, complicated 
processes sometimes become requisite, for the management of 
which a considerable degree of skill in chemistry must be ac- 
quired ; but this method presents important advantages in practice. 
The assay of ores, by the moist mode, consists principally in 
exposing them to the action of acids, alkalies, or neutral salts, 
and when solutions have thus been obtained, the metals may be 
precipitated by proper additions, and u judgment of their n^ure 
formed from the colour or other sensible properties of the precipi- 
tates. Thus metallic solutions may be analyzed by the applica- 
tion of tests, but in order to discover the relative quantities, as 
well as the qualities of a mineral, by the moist assay, the metals 
must be precipitated from their solutions, and the products edul- 
corated and weighed. 

88. Gold may be tested by^exposing it to the influence of nitric 
acid, which acts upon almost all othef metals, but leaves the gold 
untouched* 

For what purpose is siibcarlsonate of soda employed in this operation ? 

Of what does assaying by the moist method consist 7 

How are the actual quantities of dififerent ingredients in a mineral de- 
termined 7 

How is the presence of gold ascertained 7 

• For particular infbrmatiSh relative to the analysis of Alld^s by Cupel- 
lation, see Children’s Essay on Chemical Analysis, pp. 96 — 108 ; and for 
the methods of making exact assays of the more important metals, see 
MiStallurgie Pratique, pp. 39 — 66. 
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Silver ore may be assayed by reducing a small quantity of it to 
fine powder, digesting it in nitric acid, and mixing the filtered 
liquid with a solution of common salt, (chloride of sodium.) A 
chloride of silver will then be precipitated, containing, when 
dried, 75 p.‘r cent, of metal; or the chloride may be reduced by 
fusing it with three times its weight of subcarbonare of soda.** 

SD.t'Iron ore is sometimes treated in the moist way, in order to 
discover w'hether it contains phosphorus, which would destroy the 
malleability of the metal, in this case the ore supposed to con- 
tain phosphorus must be mixed^ with one-fourth of its weight of 
nitrate of potash, and placed in an earthen crucible, which is to 
be strongly heated for half an hour; then the mixture, being with- 
drawn from the crucible, m::st be lixiviated with a small quantity 
of distilled water and filtered : the liquor obtained is now to be 
assayed by the following process : After it has been neutralized 
by nitric acid, a solution of chloride of lime is to be poured over 
it, and the liquor will not become clouded ifnless a small portion 
of carbonate of lime should be formed, which must be separated 
by (iltration ; then*a little ammonia must be added, and if a white 
precipitate is formed in consequence of this addition, it will be a 
proof that the ore contained phosphorus, the white precipitate 
being phosphate of lime. 

90. The analysis of copper ore by the moist method is eflfected 
by treating the roasted mineral with nitric acid ; and by adding 
ammonia in excess, the oxide of copper will be dissolved, and the 
other metallic oxides partly precipitated ; then the alkaline solu- 
tion of the metal, after being filtered, is to be saturated by an 
acid, and the copper may ,be precipitated in the metallic state, by 
plates of polished iron. 

91. The moist method of assay may be employed in analyzing 
the ores of lead, and the products of the foundries. The roasted 
ores must be dissolved in nitric acid somewhat lowered, and the 
solution is to he diluted with water, and precipitated by a sufH- 
cieiit quantity of some soluble sulphate, w'hich forms with the 
oxide of lead, sulphate of lead. The precipitate being washed 
and dried, always contains sixty-eight per cent, of metal. In this 

How may stiver ore bo assayed ? 

For what purpose is iron assayed in thb moist way ? 

How is the assay then conducted ? 

What substance is added to test the presence of the phosphoric acid 7 

How is Iho assay of copper in the moist -way to be conducted ? 

How is lead ore examined in the humid way 7 

How is the quantity of lead which it contained finally discovered 7 

♦ Report of Brnndc's Lect. on Mineralog. Chemistry, in .Tour, of Science. 
vol4>iiv. p. 245. A convenient method of proditcinpr chloride of silver is 
mentioned in Aiinales./le Chiinio, t. xiv. p. 319. Put the chloride into a 
small vessel of zinc or cast iron, containing aJIttle water ; and leaving it 
there a short time, if the vessel be clean, the decomposition will soon take 
place, otherwise a little muriatic or sulpliuric acid may bo odded. The 
motullic product may be washed with muriatic acid. 
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• 

mode of assay the silver which may be contained in the ore will 
also be precipitated in the state of sulphate. When it is neces- 
sary to assay sulphates of lead, either alone, or mixed with other 
substances, the muriatic must be employed instead of the nitric 
acid.’ ^ 

92. Solutions of the various metals m^ be tested, and their 
nature ascertained to a certain extent, by observing the effects of 
the addition of certain bodies called reagents, and noting the 
colours and other sensible properties of the precipitates thence 
produced. Thus tincture of nulgalis turns the solution of iron 
black, and the solution of lead white, and with other metallic so- 
lutions, yields green, yellow, brown^or blue precipitates.f 

Metallurgic Proccftses for the Reduction of Mineralized Metals 

9.3. The operations requisite for obtaining metals in a pure 
state from their several ores constitute the proper subject of me- 
tallurgy. The methods adopted for the rcdu<nion of metals, must 
necessarily be varied according to the nature of the metal to be 
obtained in any given case, and that of the sullhtanccs with which 
it may happen to be blended. Hence a diversity of processes will 
be retjuired even with regard to a single metal. They may, how- 
ever all be referred to three kinds, like those of docimasy, con- 
sisting of mechanical operations, in the dry wa^, or by means offire, 
and operations in the moist way, cliiedy by employing mineral 
acids. But in almost all processes for obtaining metals from 
their ores, the mechanical and chemical methods are more or less 
combined according to circumstances. 

91. Metallurgic chemistry include^«the art of forming com- 
pound metals, or alloys, some of which are more serviceable for 
certain purposes than any of the simple metals. This branch of 
knowledge it will be percived, affords an extensive field for re- 
search, presenting to our notice many subjects extremely intere^ing, 
not only to artists vmd men of science, but especially to all persons 
engaged in the study of mineralogy and geology. In the few re- 
maining pages to be devoted to metallurgy, nothing more can be 
attempted than the introduction of some general notices of the 
processes employed in the reduction and refining of the principal 
metals, and in the formation ^ the most useful alloys, such chiefly 
being selected as may tend to show the connexion between the 

ITow are sulphates of lead and of other materials tried? 

Bv what sensible proporiic^ are metallic ores often judged 7 

What constitutes the peculiar provincce of metallurgy ? 

Of how many kinds are the processes employed in this art ? 

What docs meLallurgy include besides the reduction of ores 2 

* M^tolhirgie Pratique, pp. 47, 51, 59. ^ . 

t In Dr. Henry's Elements of Chemistry, vol. ii., is given stable of pre- 
cipitates throwm down from metallic solutions by the ibllowing reagents , 
(1.) Prussiated alkalies ; (2.) Tincture of galls ; (3.) Water impregnated 
with sulphuretted hydrogen ; (4.) Hydrosulphurets. 
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8ul]||6Ct before us, and the other branches of science to which this 
Yolnine relates. 


Reduction of Ores containing Gold* 

95. As 'gold is not found mineralized, or in the state of proper 
ore, but either pure, or «lse combined with some other metal to form 
an all^y, the metallur^ic processes for reducing it are in general 
less complicated than in most other cases. This metal is derived 
from two sources, bein^ either mixed with sand, gravel, and earthy 
matter, in valleys, ravines, and' the beds of rivers, or occurring 
in veins, and procured by mining, like metals in general. The 
modes of treatment requisite# to procure gold in a state of purity, 
vary according to the state^in which it is found in the situations 
just mentioned. 

9G. Gold obtained from alluvial soils in pellets or grains, may 
be separated more ^r less from the substances by which it is con<- 
tamiuated by washing. This operation is "'performed frequently 
on the spot where it is procured. Thus the* gold seekers some- 
times wash the aiMferous sands in a sieve held in the hand ; or 
else use inclined tables, which being covered with coarse woollen 
cloth or rough hairy hides of animals, the earth and sand taken 
up in small quantities is thrown on the table, over which a stream of 
water being poured or conducted, the lighter substances are wash- 
ed away, and the particles of gold detained by their superior weight 
on the surface of the cloth or skin. But this method has the 
inconvenience of not separating the heavier portions of gravel 
which become entangled among the hair or wool, together with 
the metal. The gold thus obtained may be further purilied, ac- 
cording to circumstances, by ainalgamaiion with mercury, or by 
cupellation. 

97. Gold is also found pure in veins, but sometimes in a state 
of in'nute division, and so blended with other bodies, as to require 
various operations for its extraction. It is thus procured in 
Hungary, and in this case the whole contents of the vein holding 
small particles, or strings, or little nests of native gold, are 
brought to the surface, broken into small pieces, and carefully 
sorted ; the grains, w^iere perceptible, being detaclied from the 
matrix, which is chiefly quartz, ./i'he poorer parts are then 
stamped, by means of wood shod with iron at the lower ex- 
tremity, worked by a water-wheel, and thus the ore is crushed to 
a powder upon an iron plate. This powder is* damped by throw- 
ing water containing salt upon it; and .a quantity of mercury be- 
ing put into a bag of porous leather, is forced through Iht: pores, 
and dropping on the damped powder in a minutely dividuJ state, 
is kneaded up with it. 

• 

In what UFO states is gold' found in nature 7 

By what process is gold from alluvial soils separated ? 

By what methods are the auriferous soils washed ? 

In what rock do veins and masses of gold most frequently occu f 
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98. The paste containiog meicary and gold thus ineorporatedt 
is afterwards heated in a proper yessel to about the temperature 
of boiling water for three or four days ; the mixture is then washed 
carefully, by small parcels at a time, so that the earthy particles 
are washsKl off, leaying only the amalgam of mercurj^uid gold. 
Part of the mercury is then separated, by ^pressure, in a leauiem 
bag, and the rest is driven off by distillation, leaving behiii^ the 
gold, and also any portion of silver with which it may be alloyed. 

99. When gold occurs in a matrix, consisting of iron pyrites, 
galena, dec., in which the gold exists in invisible particles, Ihe 
masses of ore are broken by hand into small pieces, and then 
placed beneath the stamps to be redi^ped to powder, which is car- 
ried by a stream of water to a series o&pits, in which the heaviest 
particles subside, the lighter earthy matter being carried away by 
the current. After repeated washings, the metallic parts, consist- 
ing principally of pyrites and galena, are roast^ in a reverberatory 
furnace, with a propcStion of qnicklime, at a fed heat, but not so 
as to fuse the ma88,^ntil part of the sulphur is driven pff; the 
fire is then increased, and the whole broughV to a state of thin 
fusion, and then let out into a mould of sand. 

100. During the fusion, the iron, on account of its strong affinity 
for sulphur, resumes the portion of which it had been deprived by 
previous roasting, by decomposing the sulphtprets of lead, copper, 
d^., with which it is mixed, in consequence of which these ^ 
metals, by specific gravity, fall in drops through the vitreo-ferru- 
ginous scoriae, carrying with them the gold and silver, and unite 
at the bottom in a dense metallic mass. Hence, the pig that is 
formed in the mould of sand, is found to consist of two parts 
adhering to each other, but easily sep&rable by the hammer ; the 
uppermost and largest portion is composed of cellular scorie, be- 
neath which is a mack heavy compact mass containing the gold 
and silver, together with lead, copper, some sulphur, and i| 0 n ; 
this is now broken into small pieces, and roasted and fused once 
or twice more, until the sulphur and other impurities' are separated, 
leaving nothing but the gold, silver, lead, and copper. 

101. The separation of gold from lead is effected by cnpella- 
iion. The cupel or test is a porous, infusible, earthy mass, with 
a hollow concavity at the top /or the reception of the metals ; this 
being placed in a furnace, so as not to be in contact with the 
burning fuel, and a current of air at%e same time passing over 
tiie surface of the test, the metal is brought almost to a state of 
ebullition. At this tempq^ature the lead becomes changed to the 
state of a vitreous oxide, which, sinking into the pores of the test* 
leaves the gold behind ; and if the ore containea silver and cop- 

In what way is the amalgamation of gold conducted? 

How is f^la treated when combined with the sSlphurets of iron, oep- 
per, or lead? 

How are the lead and copper deprived of their sulphur ? 

Whar separates the gold and silver from the fused mass of the ingre- 
dients ? How Is gold separated from lead ? 
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per* siibsequent procesnea will be required to effect their aepa- 
ration. 

Rtduetim of the Oree of Silver, 

102» SjWer is extracted from its oree, either by ameltiiiff in a 
manner similar to ihpX practised with regard to other metms, or 
by amalgamation with'' mercury. The processes carried on at the 
extensive amalgamation works of Freyberg* the capital of the 
mining district of Saxony* and where one chief advantage of this 
mode over smelting* is the sa*’ing of fuel* are described with 
scientific minuteness by J. H. Vivian* Esq.* in the annals of 
Philosophy* vol. xxvii.; and an abstract of this descriptive state* 
meiit may be found in the third volume of Dr. Lardner's Treatise 
on Manufactures in Metals. 

103. Silver like gold frequently requires to be subjected to the 
mocess of cupellation* to separate it from oxidizable metals. 
This method of pLvifjfing silver is adopted in Persia* and the 
following account of it is given by Ostad Muhammed Ali, and 
was published in 'Brande's Journal of Science : 

104. Persian metallurgical process far ike purification of sil- 
V4sr.— -A sort of basin is made* either by excavating the ground* 
or by arranging stones in a circle. This is from nine to twelve 
or fourteen inches wide* and is incomplete at the side in one place* 
for the reception of 'Yho fuol* which by its combustion is to melt 
the metal. The fuel consists of two large and long logs of wood* 
which are placed with their ends in the aperture on the edge of 
the basin. These ends are lighted bv placing on them burning 
fuel* and then the blast irom a pair of bellows is directed so as 
to pass across the fire, and^ahus drjvo the flame and heat into the 
basin* acting as a large blowpipe. Lead containing silver* or 
impure silver with the addition of lead* is then placed in the 
basin* and being soon melted and heated by the flame* it is puri- 
fied'* as by common cupellation. The litharge (vitrified oxide of 
lead) is forced off to the sides as it is formed* and either absorbed 
or lost, and as the wood burns away before the blast of air* the 
logs are thrust onward until all is consumed ; then fresh logs are 
supplied* if necessary* or the process stopped, as may be found 
convenient. 

106. **The singular fact has been ascertained* that silver in 
fusion absorbs oxygen, which* on solidifying, it parte with ; and 
Gay Lussac says that it thus gives out twenty-two times its own 
volume* and that the presence of a very little copper destroys this 
property.”* • 

To what process is stiver subjected in order to separate it from other 
metals f 

Describe the Persian method of puriiyins silver. 

What fitohiUi regard to the alRiiity oT silver for oiygen has been ob- 
served? 


** Donovan's Treatise on Chemistry, p. %il. 
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REDUCTION OF CRUDE PLATINA. 

The attraction of both aiWer and copper, when in fusion, for 
oxymn, was observed several years since by Mr. S. Lucas, of 
Sheffield, who stated the result of his observations in a letter to 
Mr. Dalton, published in the Manchester Transactions. He found 
that silveiP^ in a fluid state, absorbed oxy^n, not onlf^from the 
atmosphere, bat also from other bodies w|ich gave it out when 
heated, as some of the nitrates. 

106. If silver in large quantities, afler being exposed, when 
melted, to a current of oxvgen gas, or atmospheric air, be allowed 
to cool gradually, the surmce first becomes solid, then soon bursts, 
ebullition ensues, and an elastic fluid escapes, driving before it a 
portion of the internal fluid metal, ayd causing protuberanees on 
Its surface. Substances which have ss strong attraction for oxy- 
gen, placed in contact with the melted metal, prevent the ebullition 
from taking place. Thus charcoal, spread for a few minutes on 
the surface of the silver in fusion, absorbs the oxygen which it 
may have acquired, afid no escape of gas or ^pearaiice of ebul- 
lition then occurs, wl^pther the metal be cooled slowly or hastily.* 

• 

Reduction of Crude Platina^ 

107. Platina is never mineralized, but it is often debased by 
intermixture with other metals; and in the state in which it is 
imported from South America, the crude mbtal contains silica, 
mercury, gold, palladium, rhodium, iridium, osmium, iron, cop- 
per, and lead, as well as platina. This last metal may be s^a- 
rated from the other bodies by the following process The 
mercury is to be driven off by exposing the ore to a considerable 
degree of heat, an operation which readers the platina yellower, 
in consequence of the appearance of grains of gold. The residue 
may be digested in nitro«muriatic acid, diluted with its bulk of 
water; this takes up gold, iron, and a little platina: if the re- 
maining ore be now digested in nilro-muriatic acid, by far*the 
largest portion will be dissolved, and there will remain a black 
powder ; to the nitro-muriatic solution add a solution of muriate 
of ammonia, which will occasion the precipitation of the greater 
part of the platina in the state of a very difficultly soluble ammo- 
nia-muriate, and which may be separated upon a filter. 

108. In the filtrated liquor itnmerse a plate of zinc, which will 
throw down lead, rhodium, palladium^ and a portion of platina ; 
the lead may be separated by very dilute nitric acid : dissolve the 
residue in nitro-muriatic acid, add common salt, and evaporate to 

• 

What oceora when a conaiderable masi of silver it heated in contact 
with oxygen f 

What proventa the occurrence of thit phenomenon f 

In what state is platina found ? 

liw what means is it separated llnom mercury t 




How may the nitio-mariate of platina be decomposed ? 

^ Joum. of Science, eol. iv. pp. 169, 119. 
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dryness ; this residue, composed of the soda-muriates of platina, 
palladium, and rhodium, is to be digrested in alcohol, 'which dis- 
solves the triple salts of platina and palladium, but not that of rho- 
dium, which therefore is thus separated : to the alcoholic solution 
add solution of muriate of ammonia, which throws «down the 
platina and leaves the palladium in solution, wh^ch may after- 
wards be precipitated 'oy ferrocyanate of potassa. ^Fhe insoluble 
blaclT powder, by alternate fusions with potassa, and boiling in 
muriatic acid, may be resolved into osmium, soluble in the alkali, 
and iridium in the acid. f 

109. The yellow precipitates formed by the addition of muriate 
of ammonia to the alcoholic solution of the salts of platina and 
palladium, consisting of ajjfmonia-muriate of platina, must then 
be collected, edulcorated with warm water, and dried. It must 
next bo distributed into saucers, which are to be introduced into a 
small oven, and exposed for a short time to a low red heat, in order to 
drive off, by sublin^tion, the greater part of the muriated ammonia. 
When withdrawn it will form a spongy mass of a gray colour. 
About half an ousce of the platina in this btate is to be put into 
a strong iron mould, about inches long by 1 j wide, and is to 
be compressed as forcibly as possible by striking with a mallet 
upon a wooden pestle, cut so as accurately to fit the mould; 
another half-ounce is then added and treated in the same manner, 
and so on till six ouVices have been forced into the mould : a loose 
iron cover, just adapted to fit into the mould, is then laid upon 
the platina, and by means of a strong screw-press, almost every 
particle of air is forced out from the metal. This is an important 
part of the process ; for if any quantity of air is left in the mass, 
the bar into which it is Ibvmed will be liable, in the subsequent 
operations, to scale and be full of flaws. The pressure being 
duly made, the mould is to be taken to pieces, and the platina 
will be found in the form of a hard, compact parallelepiped. 

IL'O. It is now to be placed in a charcoal forge fire, and exposed 
to the most intense wnite heat, in order completely to drive off 
the remaining ammoniacal muriate ; this being done, it is to be 
quickly placed on a clear, bright anvil, and gently hammered in 
all directions with a clean hammer. This must be repeated several 
times ; after which the mass will be perfectly compact, and fit to 
be laminated or wrought in any othef manner that may be required. 

t* 

Reduction of the Ores of Mercury, 

111. The metallurgic treatment of mercury is very simple, and 
the metal is extracted ciiicfiy by two methods. The following is 
the process adopted in the Palatinate. The ore is to be sorted, 

for what purpose isj alcohol used in this assay ? 

Idow is the ammonia-muriate of platina brought to the state of spongy 
platina ? 

Does the process of melting form any part of the reduction of platina? 

What is the purpose of compressing the spongy mass ? 



221 


REDUCTION OF THE ORES OF IRON. 

pttlrerized, and mixed with quicklime or slaked lime ; and the 
richer it is in metal, so much greater must be the proportion of 
the lime. The mixture is then introduced into large cast-iron 
retorts, wlych are placed in two ranks, one above the other, in a 
long furnace ; and each retort is to have attached to i$f without 
luting, a glass teceiver, one third part filled ^ith water. The fur- 
nace IS then to be heated, at first gently, to drive off the moisSare ; 
after which, the juncture of the vessels must be closed with tem- 
pered clay, and a full red heat is to be applied for seven or eight 
hours. The lime will combine wfth the sulphur contained in the 
mercurial ore, and the metal will be volatilized and condensed in 
the receiver. A different method o£ proceeding is practised at 
Almaden and at Idria, where furnacesp of a peculiar construction 
are used, and the reduction of the metal is effected by the oxida- 
tion and consequent separation of the sulphur, which forms sul- 
phurous acid, while the mercury is sublimed^ and becomes con- 
densed within the apjlfaratus.*^ 

jReduciton of the Ores of Iron, 

112. This metal being found in a state of nature, variously 
combined, different processes are requisite to reduce it to the 
metallic state. The smelting of iron is a subject of national im- 
portance, and hence it has not only occupied much of the attention , 
of writers on metallurgy, but it has likewise furnished a topic for 
distinct and sometimes voluminous treatises. It can here, how- 
ever, be but slightly noticed, as our limits will only admit of some 
brief and general statements of the pe^puliar methods of reducing 
this metal. Carbonaceous matter of some kind is always largely 
employed in smelting iron ores ; in some countries, as Sweden, 
charcoal iq used for that purpose ; wliile in Great Britain, there 
are but few charcoal furnaces, coke being generally employed 
instead of it. The most abundant of the iron ores is the common 
ironstone, which is an impure carbonate of the metal, found in 
small lumps or layers in the clay which separates the beds of coal* 

113. The ore is first reduced to pieces about the size of an egg, 
and is sometimes roasted in cup-shaped kilns, having lighted coal 
at the bottom, on which the •iron ore is heaped so as to fill the 
kiln, and the roasting is generally complete by the time the coal 
is consumed. More commonly, however, the roasting is per- 
formed on the ground : a bed from four to eight inches in thickness 
of coal is first laid down, op which is placed a layer of broken iron- 
stone, from eighteen inches to two feet thick ; two inches of small 

In how many wa 3 r 8 is mercury reduced from its native state ? 

What is the purpose of employing lime in this process? . 

How is the reduction of mercury effected at Idriif? 

What kind of matter is extensively employed in reducing iron ores f 


* See M^tallurgie Pratique, pp. 29C-'.-303. 
T 2 
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coal are then laid on the ore, and on this a pile of ore, diminishing 
in size so as to form a ridge at the top, and the whole is then 
covered with small coal and coal-'dust. The pile is, at bottom, 
from thirty feet to sixty yards long, ten to sixteen feet wide, and 
about five^et high. The lower stratum of coal is then lighted, 
which, by degrees, lights the whole mass. In a few days the 
ironstone, when cool, becomes of a red or reddish-brown colour ; 
and the sulphur, carbonic acid, water, and inflammable matter 
being driven off, it is fit for the smelter. 

114. In England and Wales ttie furnace in which iron is smelted 
is upwards of forty feet high, and is built of the strongest masonry, 
externally of the form of a truncated four-sided pyramid, inter- 
nally of a peculiar figure, arfJ lined partly by fire-bricks and partly 
by sandstone ; and into which, when charged, air, in a high stato 
of compression, and sometimes previously heated, is forced. This 
is a blast furnace, t^yd is charged at tl^e chimney at regular in- 
tervals with coke, iron ore, and limestone, in the proportion of 
about 4 of the first, 3^ of the second, and 1 of .the third by weight; 
and is always kopf'so charged to a certain height. 

115. In somewhat more than forty-eight hours the whole runs 
down, being, however, constantly replaced by fresh materials, and 
the iron being melted, is suffered to flow out once in eight, ten, or 
twelve hours, into furrows made in sand, where it forms pig iron ; 

« or into a large reservoir, whence it is poured by means of ladles 
into moulds, forming all the various articles of cast iron ware, 
from cannon and steam-engine boilers to fire-grates and common 
iron pots. 

116. The fuel for smelting iron hitherto used in the United 
States, is charcoal, but few attempts having been made to intro- 
duce any other. The abundance of wood has thus far allowed 
this employment of its product ; but the vast extension recently 
given to the iron business, now calls for the introduction of some 
more economical species of combustible. The process of cok- 
ing is about to be carried on to considerable extent, at the iron 
works on the west branch of the Susquehanna river, in Pennsyl- 
vania, and the advantage which would result from the employ- 
ment of anthracite for this object, has called forth a number of 
ingenious attempts to adapt its acti(%n to the reduction of iron ore. 
In connexion with charcoal it has been used to some extent in 
France, but, as it seems, without any decided advantage, at least 
in the place where it was applied, over the fuel previously employ- 
ed. In England coke has long since almost entirely superseded 
charcoal, and within the last three or four years raw bituminous 
coal has in many works nearly taken the place of coke. 

(A what twp modes is the roasting of iron ore effected ? 

What is thp height And general construction of smelting furnaces 7 

What are the proportions of coke, ore, and limestone ? In what length 
of time is the entire charge of a high smelting furnace run out? 

What fuel is chiefly used for smelting iron in tho United States 7 

What varieties of fuel have been employed in Europe ? 
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117. Turf and even wood have in some instances been advan- 
tageously substituted for a part of the usual charge of charcoal, 
in a smelting furnace. The hot air blast is one of the most recent 
and capital improvements in the smelting process ; and the intro- 
duction o^ this, together with a change from the excluifve use of 
charcoal to a partial use of wood, has bean found by M. Naher, 
at the iron works at Plons, Canton of St. Gall, Switzerland, to 
give decided advantages over the method previously pursued. 
The economy of using a hot blast with charcoal alone, was chief- 
ly in the diminution of the quantity of fuel required by a given 
weight of pig metal, being about fifteen per cent., while the ac- 
tion of the furnace was retarded by ^ of its original number of 
charges per day when using charcoal T)nl3’’, and fed with cold air; 
but the substitution for one half the bulk of charcoal of an equal 
bulk of dry pine wood, not only gave more pig metal in a given 
time than when usi^ charcoal alone, but infreased the yield of 
the furnace from 1560 to 2019 lbs. in twelve hours. 

118. The hot air bkist is applied by carrying the pipe from the 
bellows, sometimes through a hot air chamber above the top of the 
tunnel head of the smelting furnace, in order to economize that 
part of the heat which ordinarily escapes and is lost. At other 
times it passes through a long hot air chamber, expressly intended 
for heating the air, and supplied with hot gas* from furnaces of its 
own ; the latter arrangement is seen in the annexed figure, in which 
a plan of the smelting furnace at the level of the tuyeres is given. 



H is the hearth or receptacle for the melted iron. A A A A are 
the parts of the masonry of the structure. C G C are three branch 
pipes coming from the main bellows pipe, b b are small furnaces, 
placed near the termination of the respective branches. B is a 
larger furnace under the main pipe. W is a water regulator by 
which the intensity of the blast is prevented from exceeding a 
given amount. G is a common chimney for the escape of gas 
from all the air heating furnaces. 

What is found to be the advantage of using hot air in a lS!ast furnace 
for smelting iron ? 

What has experience proved in regard to the use of wood for the same 
purpose ? What is the arrangement for heating air fot this purpose ? 
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119 . There are several varieties of iron to be found in com 
merce, the most important of which are cast iron, wrought iron, 
and steel. Of cast iron there are two principal kinds, called re- 
spectively white and gray iron. White iron is very hard agd brittle, 
and exhibits a radiated fracture, being composed of a congeries of 
laminae, variously aggl*egated« Acids act upon it* but slowly, 
(rray mottled iron is softer and less brittle than white, so that 
it admits of being bored or turned in a lathe. The texture of the 
metal gives it the appearance of ^bundles of minute fibres. 

120. Cast iron, after having' been in some degree refined by 
fresh fusion, in contact with charcoal, is converted into wrought 
iron by a process called pu(Kl]ing. The cast iron is put into a 
reverberatory furnace, and ^hen in the state of fusion it is agitated, 
so that every part of the mass may be exposed to the air and flame. 
After some time the melted metal heaves, a blue flame issues 
from its surface, it gn-adually grows tough, loses its fusibility and 
becomes pulverulent. The fire is then increased, so that the parti- 
cles again agglutin/ite at a welding heat, and»are wrought up into 
separate masses, which, while intensely belated, are passed suc- 
cessively between rollers, and a quantity of carbonaceous matter 
being pressed out, the metal is rendered malleable. The flattened 
masses cut in pieces are then placed in parcels in a reverberatory 
furnace, strongly boated, and again hammered or rolled out into 
bars. The iron is thus rendered more tough, flexible, and mal- 
leable, but at the same time almost infusible, and in this state 
it appears to be nearly pure. 

121. A bar of wTought iron, when its texture is examined, dis- 
plays a fasciculated appc9arance, the fibres extending longitudi- 
nally, as may be perceived in a bar of wrought iron that has been 
torn asunder. Steel is a compound of iron and carbon, the latter 
ill small proportion, and it is not improbable but it may also con- 
tain ^silicon. It partakes, to a certain extent, of the properties of 
cast iron and wrought iron, being fusible, like the former, and 
malleable, like the latter. When it is heated and suddenly 
cooled, it becomes hardened, and by proper management it may 
thus be variously tempered to form cutting instruments, and for 
other purposes. 

122. When steel is kept for a long time in a state of fusion, its 
carbon is dissipated, and it becomes reduced to the state of pure 
iron. Iron is converted into steel by a process termed cementation ; 
which consists in submitting iron with charcoal in alternate lay- 
ers to the action of heat in a close furnace for several days. Cast 
steel is prepared by melting common steel in a crucible, with a 
flux composed of carbonaceous and vitrifiable ingredients. It is 
stiU more highly carbonized than common steel, as well, as more 
brittle and fusible ; ^and being harder, of more uniform texture, and 

ITow is wrought iron made ? What is steel ? 

How is it hartlened ? 

How may steel be converted into malleable iron ? 

Jlowiis cast steel prepared ? 
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of more compact grain, it is adapted for all the finest articles of 
cutlery., 

123. Iron in the process of its conversion into steel acquires a 
blistered surface, and in this state it is used for some purposes 
under the name of blistered ateeh This, when made smaller 
bars and hamqiered, forms tiUed steel { which when broken up, 
heated, welded, and again drawn out into Sars, forms shear ^eal. 

Reduction of the Ores of Tin» 

124. The ore from which tin is procured in England is an oxide, 
found interspersed through some parts of the mineral veins in 
Cornwall, in small crystals, accomp^ied by masses of slate or 
granite, sulphurets of iron and copper, and arsenical pyrites, 
quartz, and occasionally tungstate of iron and other minerals. It is 
commonly blasted by gunpowder, and brought to the surface in 
pieces of considerable •size, which are stamped lb a fine powder, till 
the ore has the appearance of slime, and it is afterwards washed on 
a wooden frame temfigd a huddle; the stream #f water carrying 
off the lighter earthy particles, and leaving the more weighty 
grains of tin, which, after repeated washings, are reduced to a 
state fit for the smelting-house. 

125. Being still mingled with other substances, it is in this state 
termed black tin. This is roasted at a low rfed heat, in a rever- 
beratory furnace, to volatilize the arsenic and sulphur. It is then 
of an ochrey red colour, owing to the oxidation of the iron and 
copper. It is again washed, and the impurities separated from it ; 
and it is then reduced by placing it in a reverberatory furnace, 
about seven feet long and three and a*lialf wide, from seven to 
fifteen hundred weight of the roasted ore being mixed with about 
one-fifth of small coal, and in some cases a small quantity of slaked 
lime, the whole being turned over and moistened with water; a 
brisk fire is then applied for about six hours, the tin sinking as 
it becomes reduced to the bed of the furnace, beneath a surface 
coating of boiling black scoriae. The furnace is then tapped, and 
the melted tin suffered to fiow into a small cavity at the foot of 
the furnace. When that is done, the scoriae are raked off, and 
a new charge of roasted tin ore and small coal thrown in. 

126. When the metal in the pit is red-hot, it throws up a quantity 
of slag, very rich in metal, which is immediately returned into the 
furnace; and when the melted tin is become sufficiently cool, it is 
taken out with iron ladles and poured into moulds of granite, 
where it consolidates, each charge affording on an average from 

What is meant by blistered steel ? 

What by tilted steel ? 

What is shear steel ? 

fn what state is the ore of tin found I 

How is the earthy matter separated ? 

- What is black tin ? 

flow many processes are necessary to bring it to thq state of pure metal? 
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four to five hundrerlweijrht of metal. The melted tin thus pro« 
cured is next placed, without any addition, in a small reverbera* 
tnry furnace, and exposed to a very gentle heat ; the purest part 
which melts first is drawn ofT, forming the common grain tin ; the 
more refr^itory part, containing a small and variable pro'porlion of 
copper and arsenic, is^hen melted and cast into pigs of common 
tin, a? block tin. 

127. The finest grain tin, however, is procured from the stream- 
tin ore, so termed because it consists of tlie loose crystals of oxide 
of tin found in the rubble or alluvial soil in some of the low 
grounds of Cornwall, having been washed thither by streams of 
water. These are free from impurhies of vein-tin ore, and the 
metal is consequently nior& perfectly reduced, and by more simple 
processes. 


Re^^uetion of the Ores of Copper. 

128. Tlie copper ore, from which the metal is generally pro- 
cured, is the yellow sulphurei, a combination cf copper with sulphur 
and iron. The next ore which occurs most abundantly is the sul- 
phurct, containing about eighty per cent, of copper. The oxides, 
carbonates, and arseniates of copper, are also found, but in smaller 
quantities, and they are of less importance. Both arsenic and 
sulphur adhere strccigly to copper; and as a small proportion of 

s either renders the metal brittle and difficult to work, peculiar at- 
tention is necessary in the reduction of copper ore, in order that 
these substances may be separated. 

129. The reduction of copper ore is completed by means of eight 
processes. The first is that of calcining in a reverberatory iiir- 
]iace, about 17 feet by 19, with a bottom or bed made of fire-bricks. 
The chimney is from 40 to 50 feet high, which causes such a 
powerful draught that the arsenic and sulphur, separated in roast- 
ing the ore, pass almost wholly through the chimney into the open 
air. About three tons of the ore are spread over the bottom of the 
furnace, being thrown in at the top, through a kind of funnel or 
hopper. The fuel is small coal, which is burnt at the anterior 
part of the furnace, and its flame passes over the surface of the 
ore in its passage to the chimney. 

1.*10. In this furnace, which is called the calcining furnace, the 
ore is roasted, without addition, with a dull red heat for twelve 
hours, being frequently stirred with a long iron rake, to expose 
fresh surfaces to tlie action of the flame. The ore is no^ melted 
here; but when roasted sufficiently to -oxidate the iron, and con- 

In whnt Bort of moulds are the pigs of tin cast? 

Wiiat is meant by grain tin f 

How is the best kind of this tin obtained ? 

I'roni whaf kind of :^opper ores is the greatest portion of that matai ob- 
tained ? 

What effects have arsenic and sulphur on tho qualities of copper I 

How many processes are required to effect the reduction of copper vne ? 

How, is the ore dis()osed for calcination ? 
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vert the sulphur into sulphurous acid, it undergoes the second pro- 
cess, namely, that of being melted ; and for this purpose is car- 
ried to another furnace, about 1 1 feet by 8, and here it receives a 
fusing heat, but still without any addition, except a little slag, 
or, when J.he ores arc very sullen, a little duor spar tOi^ssist the 
fusion. 

131. When* the ore is melted, the liquA mass is well st^f-red, 

and afterwards the slag is raked from its surface. More calcined 
ore is then added, and when the furnace is full it is tapped, and 
the melted metal flows into an |idjoining pit full of water, by 
which means it becomes granulated. The metal in this state con- 
tains about one-third of copper, and consists of copper, sulphur, 
and iron. Five charges are melted iff Jwenty-four hours. In the 
third operation, the granulated metal is calcined to oxidate the 
iron, and it remains twenty-four hours in the furnace ; during 
which it is often stirred andf turned about, the heat being at first 
moderate, but gradually increased. ^ 

132. The fourth process is that of melting, after calcination, in 
the small furnace, soifie slags from the last opemtion being added, 
and pieces of furnace bottoms impregnated with metal in the form 
of oxide of copper, which become reduced during this process ; 
the oxygen of the copper combining with the sulphur passes 
off as sulphurous acid gas, while the reduced metal enters into 
combination with the sulphuret. The slags being skimmed, the 
melted metal is either tapped and suffered to run into water, where 
it is granulated, or else into sand beds, where it becomes solid. 
Its produce in fine copper is now about 60 per cent. 

133. The fifth process is that of again subjecting the metal to 

the same mode of calcination as in the tMrd process. The sixth pro- 
cess consists in this melting again of the metal, as in the fourth 
process, and the result is a coarse copper, containing from 80 to 90 
per cent, gf pure metal. In the seventh process the metal is 
roasted in the smaller furnace, chiefiy to oxidate, and finally to 
expel the volatile substances From 25 to 30 per cent, of metal, 
by this process, becomes fused at the end of the operation, which 
continues from twelve to twenty-four hours, according to circum- 
stances. The metal is then tapped into sand beds, and the pigs 
in this state are termed blistered copper. It is now fit for the re- 
finery. • 

134. The eighth process is that of refining or toughening. This 
appears to be a delicate process, the success of which depends on 
several circumstances that are judged of principally by the eye of 
the workman. It is conducted in a furnace similar to that for 
melting ; and the chief objects appears to be that of abstracting 

How for melting and granulating? 

How for separating the iron ? 

What is the purpose of the fourth process ? 

What of the fifth ? — the sixth 7 — the seventh ? 

What is blistered copper ? 

How is the refining pro« e.<a conducted ? 
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from the nearly pure metal the last portions of oxygen, which is 
ejected by adding charcoal to the metal while in fusion, and stir- 
ring it occasionally with a pole of birch-wood, until the operator 
judges it to be pure 


Reduction of Ore of Lead. 

1 S 5 . The principal part of the lead procured, is derived from the 
ore called galena, which is a sulphuret of lead. Other ores, as the 
carbonate, the sulphate, and the oxide of lead, are occasionally 
mixed with the galena, which also frequently contains some silver, 
and when the quantity is sufficient to pay for the expense of 
separating it, that process is* effected by exposing the roasted sul- 
phuret to the action of air and heat, in shallow earthen dishes. 
The lead thus becomes oxidated, or converted into litharge ; while 
the silver is left behind, retaining the metallic form. The litharge 
is afterwards redu4^d by fusing it with charcoal. 

13G. In the usual process for the smelting of lead ore, the 
galena being free^ by the hand and the hammer from all such im- 
purities as can be readily separated from it, is beaten into small 
pieces, and after repeated washings and cleansings, is placed in a 
reverberatory furnace at a low red heat for some hours, to drive 
off the sulphur and arsenic, without fusing the lead ; and when 
the flame on the suiface has changed from blue to a reddish white, 
the roasting is considered as finished, the lead being converted 
into an oxide. 

137. The reverberatory furnace commonly used is about 10 feet 
long and 6 feet wide internally, and about feet deep ; the fire- 
place being at one end, fiocn which the fiame rises into the fur- 
uacc. The quantity of ore usually thrown into the furnace at once 
is sixteen hundredweight,of one hundred and twenty pounds each, 
w^hich quantity is spread over the floor of the furnace, and the 
docTiS are then closed. 

138. The roasting, as above mentioned, being completed in a 
moderate heat, a small quantity of charcoal is added, the doors 
closed, and the reduction completed ; the lead, in a reduced state, 
lying at the bottom of the furnace, covered bv a slag two or three 
inches in thickness, the slag is then tapped and runs off, and is 
used for mending the roads. Some quicklime, in powder, is now 
thrown down upon the metal in a state of fusion,which serves to raise 
and cake the remaining slag; which, by means of a rake, is taken 
from the surface, and is nearly black, and very heavy. The lead 
is then suffered to run out of the furnace into a pan, and the scum 
or dross being taken from the surface is thrown back into the fur- 

j^rom what spocies of oro is lead generally obtained I 

. How may silver b'' separated from an ore of lead ? 

In what manner is litharge reduced to pure metal ? 

What is the common process for reducing galena ? 

What kind of furnace is employed ? 

What use is made of the scoriie from this process ? ^ 
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fiace : the lead is, lastly, ladled from the pan into iron moulds, 
and left to cool. All these operations are repeated, by means of 
two sets of workmen, during oTcry seren of eight hours. 


Reduction of the Ores of Zinc, 

139. The ore of zinc, whether calamine or blende, is first brfflien 
into small pieces, and the galena, pyrites, and other impurities 
are separated as exactly as possible by the hand; it is next 
calcined at a moderate red heat in a reverberatory furnace, by 
which the calamine is freed from its carbonic acid, or the blende 
from most of its sulphur* It is then washed, by which the lighter 
earthy parts are separated from the nfbtallic oxide, which latter 
being dried is well mixed with one-eighth its weight of charcoal, 
by grinding the ore and charcoal together in a mill, as a prepara- 
tion for smelting. 

140. The furnace in which the redaction is performed, is of a 
circular figure, somewtiat like that of a glasshouse ; in it are fixed 
six large earthen pots 8r crucibles, about four feet high, nearly of 
the shape of oil-jars ; into the bottom of each crucible is inserted 
an iron tube, that passes through the arched floor of the furnace, 
and dips into a vessel of water placed beneath, while the other 
end of the tube rises inside the crucible, to within a few inches of 
its top. These crucibles are filled up to the level of the tube with 
the mixture of roasted ore and charcoal, the cover of each is very 
accurately luted, and the furnace is charged with fuel, by which 
an intense heat is kept up for several hours. The zinc, as it is 
reduced, ascends to the top of the pot in^he form of vapour, and 
being prevented from escaping by the closely luted cover, it de- 
scends through the central iron tube into the water, and is con- 
densed in amall drops or globules, which are afterwards melted 
and cast into ingots. 

141. Common zinc generally contains a little lead, copper, 
arsenic, iron, manganese, and probably plumbago, which often 
considerably impairs the quality of the alloys into which it enters. 
In order to get rid, in part, at least, of these impurities, the com- 
mon practice is to melt the zinc in a crucible, and then to stir into 
it, by means of a stick or earthen rod, a mixture of sulphur and 
fat ; the latter of these preserves the ^nc from oxidation, while 
the former, uniting with all the metals present, except the zinc, 
converts them into sulphurets, which, rising to the top, form 
scorise that may be skimmed off ; this is to be repeated as long as 
any scorise appear on the surface. 

What mechanical process is necessary to prepare the ores of zinc ? 

What furnace is employed to effect the calcination pf this ote ? 

Describe the furnace in which the reduction of zinc ore is ejected 

In what manner and in what form does the metal make its escape from 
the melting pots ? 

How is zinc purified from other metals f 
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I42k The only metala which have been extensively applied 
to purposes of utility in the reguline or metallic state, are those, 
the luudoH of reducing which have been described in the preceding 
pages. Besides these, however, the metals called nickel, palla- 
dium, a..d rhodium, have recently been employed by artists,* 
though only to a very limited extent; and antimoiiy, arsenic, and 
bisnuth, though not used alone in the arts, yet serve by their 
combinations with certain other metals to form valuable alloys. 

143. Gold in a state of absolute purity is so soft and pliable, 
that though it possesses a hl^h degree of tenacity, it is by no 
means so well adapted for technical purposes as soinsrof its alloys. 
The addition of copper to this metal renders it much harder than 
before, and gives it a deeper colour. Silver, on the contrary, 
communicates to gold a lighter tint; and the mixed metal met 
with in commerce called gilded ingots,” consisting of silver 
alloyed with a lit^e gold, is as white as pure silver. The gold 
coin of most European nations contains Silver or copper, or both 
those metals. The standard or sterling go],d of England is com- 
posed of twenty-two carats, f or parts cF pure gold, and two of 
copper, which proportions appear, from the experiments of Mr. 
Hatchett, to form the beat alloy for the purposes to which it is 
appropriated, resisting the influence of friction better than any 
other which had .been tried. Besides jewellers’ gold, which 
ought to be of the new standard, or eighteen carats fine, alloys of 
almost every degree of deterioration are used for making trinkets 
and other articles. 

144. “The permanence and beauty of gold renders it a very 
desirable ornament, while at the same time its extensibility ena- 
bles us to use it where its expense and weight would otherwise 
preclude its employment. \Vhere gilding is performed upon 

. metallic surfaces, it is usually done by a solution or amalgam of 
gold in quicksilver. This is called water gilding, and'the process 
exhibits an instance of chemical attraction, and subsequent de- 
composition by heat. Steel is sometimes gilded by the ethereal 
solution of gold.t 

What effect on the usefulness of gold is produced by alloying it with 
copper? WJiat proportion of pure gold is contained in the alloy used by 
jewellers ? How is water-gilding performed ? 

* See Treatise on Chemistfy, Nos. 412 and 457. 

t The mode of computation by carats, with reference to the alloys of the 

I irecious metals, has long been employed in England. Every moss of al- 
uyed gold is supposed to be divided into t'wenty-lbur carata, and the rela- 
tive quantity of gold it contains is denoted by the number of carats of that 
mclal in the mass ; as gold of twenty-two carats, or standard gold for coin ; 
gold of eighteen carats, or gold of the new standard, used for watch-cases. 
This method docs not so conveniently admit of the appreciation of 
I'^arious quantities o^ alloy, as that adopted in France, where the pure gold 
in alloys iff estimated by thousandth parts ; thus gold of eighteen carats, 
or containing i of alloy, would by the French method be said to be of the 
standard expressed by .750. 

I Brande’s Lect on Min. Chem. in Journ. of Science, vol. iv. p. 242L 




ALLOYS OF TIN. 


231 


145. Silver forms useful alloys with copper, especially for coin 
and plate. The addition of a small proportion of copper to silver 
renders the metal harder and more sonorous, without materially 
impairing its colour. I’he silver coin of the United States con- 
tains for etery 12 ounces of coin 10 ounces 14 pwts. 4-^ grains 
of pure silver^ and 1 ounce, 5 pwts. lO^®^ grains of copper. 
Copper is plated with silver for various purposes, and by m«ins 
of different processes. These metals may be united by a mode 
resembling the operation of welding ; a plate of silver being ap- 
plied to the surface of one of copper, and the mass compressed 
by |»assing it between steel rollers; after which it may be worked 
iiiio different forms for use or oruai'yent. An inferior kind of 
plated coj)per is formed by applying tcbthe surface of that metal 
an aiualgarn of silver, and the mercury being driven off by beat, 
the surface is burnished. The brass dials of clocks, and the 
scales of barometers and thermometers, are silv^ed on the surface 
by rubbing over them a mixture of chloride of silver, chalk, and 
pearlash. 

146. I’he compounds of mercury with other flietals are called 
amalgams. That of tin is extensively used for silvering (as it is 
termed) looking glasses. For this purpose tin-foil is spread on a 
flat stone, and covered with mercury ; the glass is then placed 
upon the metallic surface, and the excess of mei^airy being pressed 
but, the remainder amalgamating with the laminated tin adheres 
to the glass, forming on the opposite side of it a brilliant reflect- 
ing surface. An amalgam of bismuth 2 parts, lead and tin 1 each, 
and mercury 4 parts, is used for silvering the interior of hollow 
glass globes. This is effected by introducing into the globe a 
small quantity of the metallic alloy, which is to be melted by 
immersing the globe in hot water ; and then by turning it gradually 
in all directions, the bright coating will adhere to the inside of 
the glass. Kinc, amalgamated with mercury, forms a composii^)n 
which increases the electrical energy of glass excited by friction ; 
and it is therefore applied to electrical machines. 

147. Tin constitutes the basis, or enters into the composition 
of various useful alloys. An extremely important application of 
this metal, which has been carried to high perfection in modern 
times, is the coating of oth^r metals. Copper vessels thus 
covered seem to have been certainly in use among the Romans, 
and there is reason to believe that thej also knew how to apply 
till in the same manner to the surface of iron. The process 
of tinning iron, or making J.in-|)late, consists chiefly in dipping 

Wlmt qimlities of silver are affected by alloying it with copper? 

In what manner is copper plated with silver? 

Ilow are clock faces and Uiormometer scales whitened? 

How 19 the tiilvering of looking glasses effected? 

Ilow are globular mirrors (brme^l ? ^ 

For what purpose is amalgam employed in electrical experiments? 

For wiiat purpose is tin extensively employed in the arts ? 
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fiheets of iron into a vesfsel of melted tin, the surface of which is 
prevented from oxidation by being covered with melted tallow. 
The tin thus unites with the oppositc surfaces of the iron, forming 
with it an alloy to a slight depth. Various precautions and mani- 
pulation| 9 , are requisite to ensure the complete success uf the ope- 
ration, and conduot it in the most economical nnpmer, of which 


am|de information mAy be found in a valuable pajjer on the maim- 
lacture of tin-plate, by Mr. Samuel Parkes.* 

148. The process of tinning the interior of copper vessels for 
culinary purposes is effected off similar principles. The copper 
surface is first polished, and then coated with sal ammoniac and 
pitch, to prevent oxidation, and the vessel being heated, the tin 
finely divided, and also hedled, is applied to it, and adheres to its 
suporfices. The composition of bronze used by the ancients in 
casting medals, figures in relief, and for other purposes, is not 
exactly known ; ai^ it is probable that different kinds of alloy w'ere 
used by artists irT different countries, and, for various purposes. 
Tin and copper, however, appear to have been the chief, if not 
the sole constituents of this alloy; and compounds of those metals 
are still employed for works of an analogous description. 

149. Pewter is said to be an alloy of tin and copper, containing 
1 part of copper to 20 of tin ; but the composition of this sub- 
stance is extremely variable. Common pewter consists of cheaper 
materials, being formed of 80 parts of tin and 20 of lead ; wMiile 
the finest pewter has been staled to contain about 12 parts of tin 
and 1 of antimony, with a small portion of copper. Britannia 
metal, now frequently used for making teapots, spoons, and other 
articles, forming a cheap substitute for silver, much resembles the 
last mentioned sort of pewter. Its composition has been thus 
stated : The best block tin 3^ cwt., antimony, 28 lb., copper and 
brass, of each, 8 lb« 


150. Speculum metal, a brilliant alloy, used for the construc- 
tioii of concave mirrors for refiecting telescopes, is another alloy 
into the composition of which tin always enters, though its chief 
constituent is copper. The grand object in the formation of this 
substance is to obtain a refiecting body which shall yield a single 
distinct image, have hardness to admit of its being highly polished, 
and a surface as little as possible liable to become tarnished by 
air and moisture. Various metallic combinations have been em- 


llow is tin plate manufactured ? 

How is cupper tinned ? 

Of what materials is bronze composed 

Wliat are the ingredients of pewter? — Britannia ware ? 

Of what are' the mirrors lor reflecting telescopes composed ? 
What are the groat puriKises to be attained in this case ? 


♦ See JouVn. of Science, vol. viii. ; Memoirs of the Manchester Philoso- 
phical Society, N. vol. iiL 
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Jilovod for these purposes, by dinferent artists and experimental 
pliilosophers, amongf which it will be sufficient to mention the 
alloy of 1 part tin and 2 of copper, recommended by Mr. Mudtre; 
and the n^re complex metal formed of copper 32 parts^tin 15 or 
16 parts, and brass, arsenic, and silver, each 1 part. 

151. Lead ^hen alloyed with other inStals seems to impair 

their tenacity, while it renders them more fusible. The niosrtise- 
fiil of its alloys is type-metal, composed of about 16 parts lead, 
and 1 antimony and copper; bnt the proportions, if not the in* 
gredients themselves, differ in different foundries, a good deal of 
secrecy being observed with respect to the methods of forming 
this compound. The chief object in*the combination must be to 
obtain complete fusibility, so that when*cast the type shall be per- 
fect, forming an exact counterpart of the matrix ; and likewise that 
the letters may be hard enough to wear well, and stand their work 
firmly, having just so {pneh tenacity as to brea% rather than bend, 
when under the application of great force. An alloy of lead and 
antimony is also usefi to make plates on whjch music is en- 
graved. * 

152. Copper forms various valuable alloys, the most important 
of which is brass, iu which it is combined with zinc. This alloy 
is usually produced by mixing granulated copper with calamine 
(ore of zinc) and charcoal, and exposing the mixture to a degree 
of heat sufficient to reduce the ore, and the revived zinc uniting 
with the copper in a state of fusion, the melted alloy is cast into 
plates. The proportions of the respective metals employed are 
variable, constituting different kinds of brass : but it usually con- 
tains from 12 to 18 percent, of zinc, acecJrding to'Brande; though 
J^r. Thomson found, in the valuable alloy called Dutch brass, 70 
parts of copper and 30 of zinc. Pinchbeck, Prince llupcrt''s metal, 
Dutch gold, tombac, and similor, are alloys composed of copper 
and zinc, the proportion of the latter metal being smaller thalf in 
brass, and hence they are formed by the addition of copper to 
brass. Tutenag is said to be an alloy of copper with zinc and a 
little iron. In a metallic substance called white copper, brought 
from China, Dr. Fyfe found, besides the three metals just 
mentioned, a large proportion of nickel. 

The following table containS a view of the composition and ap- 
plication of a number of the most useful alloys employed in the arts; 
it is principally due to the labours of Messrs. Chaudet, of Paris, 
and P. N. Johnson, of London, and is condensed from a table, 
communicated for the JourAal of the Franklin Institute, by Mr. F. 
Peale. 

Wliat are some of iho proportions observed in making type metal ? 

What cflfcct has lead on the metals with which it is mixed ?, 

How is brass manufactured ? 

What is the composition of Dutch brass ? 

What is that of tutenag ? 

What ingredients have been ibtind in white copper ? 

— • - .1 ■ ■■ ... - — - . .. ■■ ■ 

* See Jour. Frank. Inet. vol. zvi. p. 219. 

u 2 
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Tabk of Alloys^ Solders^ and Amalgams^ used in the Aria, 

Alloy of Gold Coin. — (Fr. Stand.) Gold 900, Cop. 100. 

•• Silver Coin.— (Fr. Stand.) Sil. 900, Cop. 100. 

« Gold Coin.— (U. S. Stand.) Gold, 899.23, Cop. and 
.V Sil. IO 0 I 78 . 

*• Silver Coin.— (U. S. Stand.) Sil. 892.43, Cop. 107.67. 

“ Gold Coin.— (Eng. Stand.) Gold, 91G.C7, Cop. and 
Sil. 83.33. 

“ Silver Coin. — (Eng. Stand.) Sil. 925, Cop. 75. 

“ “ Billon.*’— (Fr. Stand.) Cop. 800, Sil. 200. 

“ Gold Medals. — (Fr. Stand.) Gold, 916, Cop. 84. 

“ Bronze Medals.* Cop. 920, Tin 80. 

“ Jewellery.— (Fr. Stand.) Gold 760, Cop. 250. 

“ Silver Pl?te.— (Fr. Stand.) Sil. 950, Cop. 50. 

Imitation of Gold. Cop. 905.5, Tin 94.5. 

** Imitation of Silver. — (Park.) Coo. 678.0, Zinc 271.5, 
NicK. 142.7, Lead 7.7. 

“ Cannon. Cop. 900.9, Tin 99.1. 

Statues, sometimes lead and zinc. Cop. 914.0, Zinc 
55.3, Tin 17.0, Lead 13.7. 

** Bronzes ard Candelabras. Cop. 784.8, Zinc 172.2, Tin, 
28.7, Lead 14.3.w 

“ Mounting of Fire arms. Cop. 800, Zinc 170, Tin 30. 

“ Cymbals,f Tam Tams, or Chinese Gongs. Cop. 800, 
Tin 200. 

“ Bells. Cop. ICO. Tin 250. 

“ Reflectors of Telescopes. Cop. 666^, Tin 333 J. 

Brass for the Lathe.^i Cop. 658.0, Zinc 318.0, Lead, 
21.6, Tin 2.5. 

Brass for the Hammer. Cop. 701, Zinc 299.* 

** Type8.§ Lead 800, Antim. 200. 

** Fusible in boiling Water. Bism. 500.0, Lead 312.5, 
Tin, 187.5. 

“ For PluggiM Teeth, fusing afj 

169^. Bism. 454.5, Lead ^8 B+6 L+3 T+1 M. 
284.1, Tin 176.5, Merc 90.9.3 
For Tinning Iron. Tin 888.9, Iron Ill.l. 

Ductile Gold of I 8 carats, or 950 milliemes.ll Cop. 990, 
Gold 10. 

* The medals made from this alloy have the advantage of being struck 
by a few blows of the press, and of wearing a long time. 

t This alloy is very hard ; it is annealed W dipping, while red-hot, into 
water, and is then malleable ; whilst, if suffered to cool gradually, it is 
ezressively hard ; this important &ct is due to M. d’Arcet, who has thus 
furnished th:^ means of fabricating, in France, cymbals, &c., formerly im- 
ported, at great cost, from China. 

t The proportions indicated in this alloy having been found by analysis, it 
is evident that the tin Is present hy accident. 

4 Sometimes a small quantity 01 copper is added to these two metals. 

II The previous combination of the alloy isfbimd to produce ductil^Hold, 
when the same me^ would prove the contrary if mixed directly. 
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** Bells of Mantel Clocks. Cop. 750, Tin 250. 

‘‘ Pivots of Artificial Teeth. Plat. Sil. pr^oportions unc. 

“ Do.* do. and Philosophical Instruments. 

« Pallad. 500, Sil. 500. 

Springs of Artificial Teeth. f Pallad. 312.59 ®il* 312.5, 
Cop. 312.5, Iron, 62.5. • 

Solder for Gold of 750, or 18 carats. Gold of 750, 666.7, Cop. ffiC.G, 
Sil. 166.6. 

Silver of 750. Sil. 66G|, Brass 333i. 

Brass. Cop. 500, Zinc 500. 

Lead. Lead 6661, Tin 333L 
Amalgam of Gold for Gilding on Mcftal. 

“ of Silver. Mer. 850, Sil. I^IO. 
for taking impressions of Seals, 
for Silvering Mirrors. Tin 700, Mer. 300. 
for Silverii\g Globes of Glass. M^. 800, Bism. 200. 

“ for the Cushions of Electrical Machines. Mer. 500, 
Tin 250, Zinc 250. 


it 

it 

it 


Mer. 900, Gold, 100. 
Cop. and Mer. unc. 


* This alloy is exlremoly important; it is used ibr all those purposes in 
tho fabrication of phiiosophicaL instriimc^nis, fur which platinum was for- 
merly applied, being superior to it in hardness and colour, and yetinoxida- 
ble under all the usual circumstances. 

t This is an extremely useful alloy, having a dd^rce of elasticity only 
exceeded by steel, with all tho advantages of superior lightness ana hard- « 
not>8 over platinum ; this, and the preceding, are due to Mr. Percival N. 
Johnson, of London. 

t This amalgam is hard, and melts at a low heat ; it was used by the 
French police, under the administration of celebrated Fouch^, for the 
purpose of opening and rcsealing the letters Chat passed through their hands. 
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MINERALOGY. 


1. TniMbject of this science is to describe the general compo^ 
sition, char^ters, varieties, forms, and combinations of mineral 
bodi^n. A mineral may be described as a substance destitute of 
organization and vitality, found on the surface of the earth, or im- 
bedded at various depths beneath it, in veins or strata, which are 
worked for the extraction of s<ich substances, by excavations, 
called mines. Mineralogy maybe distinguished from chemistry, 
as relating to the forms and^ properties of certain bodies as they 
are presented to us by natii^'e ; while the latter science instructs 
us how to procure a multitude of artificial products, derived alike 
from the animal, vegetable, and mineral kingdoms, and to explore 
their properties, esggjicially as it respects their modes of combina* 
tion. Mineralogy is likewise to be distinguished from geology, 
with which, however, it is intimately conncc^ted. 

2. It is the province of the geologist to investigate the general 
structure of the earth, and the nature and arrangement of the 
great masses of which it is composed. The mineralogist, on the 
other hand, confines his attention to individual portions of unor- 

f anized matter, distyiguished by peculiar and specific characters, 
n the study of geolo^ it is of the utmost importance to be ena- 
bled to examine the objects of research, in /ttiu ; and to ascertain 
their relative connexion and arrangement, in the formation of rocks, 
mountains, plains, subterraneous strata, and, in general, of all 
the great masses, the asfi^mblage of which constitutes the solid 
shell, or exterior surface ofthe terrestrial globe. The nature and 
properties of minerals may be investigated and ascertained, with- 
out any reference to the situations in which they are produced. 

3.^Thus connected as mineralogy is with chemistry, On the one 
hand, and with geology on the other, it displays features suffi- 
ciently distinct from those of either; yet, at the same time, the 
objects of these sciences so far correspond, that a complete know- 
ledge of mineralogy cannot be obtained without a previous ac- 
quaintance with chemistry ; nor can the information which these 
sciences united afford, relative to the unorganized productions of 
nature, be applied to a more exalted purpose than that of aiding 
OUT researches concerning gbology.* 

What is the object of the science of mineralogy ? 

In what points does this science di^r from chemistry T 

How is it distinguished from geology f 

How is unorganized matter regarded the mineralogist? 

Is the locality of a mineral of any importance in the decision of its cha- 
racftr? 

— t, ■ ^ — — — . 

The necdlbity of exact mineralt^ical knowledge to the geologist has 
been very justly and forcibly expressed by Mr. Aikin in the introduction 
to his Manval of Mineralogy, published in 1815. He says : ** The absolute 
necessity of extreme accuracy in discriminating one species of mineral 
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4 Mineral substances may be discriminated from each other by 
tlieir mode of crystallization or aj^<rregation, and the optical pro- 
perties depending' on their peculiar forms ; by their physical charac- 
ters, as colour, lustre, transparency, hardness, consistency, density, 
or specihcigTaviiy ; as also in some cases by their taste or odour, 
by their relations to electro-magnetism, and finally oy their 
chemical consAtution. • 

5. Any or all of these various qualities and affections thay 
be taken into consideration in forming classical arrangements 
of bodies belonging to the mineral kingdom of nature. Hence 
a diversity of systems and arrafigemehts have been contrived 
by various mineralogical writers. But those who have been 
engaged in such theoretical speculfitions, have succeeded so 
indifferently that a distinguished profeSsor of mineralo^, in his 
remarks on the state of the science in England, says : — ‘‘ The value 
of*a method of classification seems to be looked upon as a point 
not worth discussing — any one method is co^idered as ^ood or 
as bad as any other, 'l^is opinion, indeed, is openly maintained by 
some of our best mifieralogists. Their labou]|^ have been em- 
ployed solely and exclusively in the crystallographical and che- 
mical analysis of particular species ; and I am not aware that any 
attempt has been made, among ns, to establish any proposition in- 
cluding a class of species of minerals, with the exception of Sir 
David Brewster’s optical researches.”* • 

G. But on the continent of Europe the case is widely different; 
a number of mineralogical systems having been published of late 
years in Germany, France, and Sweden ; some of them founded 
on the chemical constitution of minerals, some on their cry stall o- 
graphical or other physical properticsf tfnd others which may be 

called mixed systems of classification, depending on a combined 

« 

In how many different ways may minerals be disLingiiisbod from each 
other ? * . • . 

Whence has arisen the diversity of systems of arrangement in the min- 
eral kingdom ? 

On what characters did Brewster attempt to form the species of mi- 
nerals ? 

On what basis have the writers of continental Europe founded their di- 
visions of the subject? 

from another, is too obvious to rc!)uire any further remark, if examples 
were not perpetiially presenting tliemsclvei^of persons very slenderly pro- 
vided with tliese rudiments of the science, who yet undertake geological 
investigations, and with a peremptoriness generally in proportion to their 
ignorance, challenge the credq of new diseoverios, or call in question the 
observations of their predecessors. It is, indeed, very true that geological 
speciiliitions are as fueinnting to the student as the discrimination of 
speciey is gonorally repulsive ; yet it ought to be borne in mind that as all 
sound scholarship is founded upon grammar, so all sound geology depei^s 
primarily on a familiar acquaintance with the distinctive cliaractere of 
simple minerals.” — Enct/clap. MetropoL IHRaed and Applied i^ences^ vdl. 
iv., jMineraloffy, p. 465. 

* Who welt bn the Recent Progress and Present State of Mineralogy, in 
Report of British Association for 1832, pp. 324, 325. 
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▼lew of physical and chemical characters. The namher, variety, 
and discrepancies of the systems of mineralogy, which have been 
recently proposed, abundantly evince the difficulties that attend the 
subject: and though we should not be inclined to admit that all 
methods are alike in point of value, yet, it must at Least be ac- 
knowledged, that various modes of arrangement might be pointed 
out, the advantages rnd disadvantages of which would so nearly 
cortV^spond, that it would be difficult, if not impossible, to decide 
which had the superiority. 

7- But whatever kind of arrangement might be adopted, atten- 
tion must necessarily be paid both to physical and chemical 
characters, in arranging and describing the different genera and 
species into which mineral 'bodies may be distributed. Crystal lo- 
graphical properties are among those characteristics of minerals 
which are of the highest importance; for though some bodies 
belonging to the mineral kingdom exhibit no traces of crystal- 
lization, yet thef^ are comparatively few and inconsiderable; 
hence the study of crystallography is necessarily connected with 
that of mineralogy, and the subject is in ma^iy respects so import- 
ant, as to render it deserving of especial consideration ; therefore, 
in addition to the remarks on crystalline forms which may occur 
in the notices of the several kinds of minerals, some further ob- 
servations on crystallography will be added to the latter part of 
this treatise. 

8. The physical characters of minerals require a few prelimi- 
nary remarks. Cotour is one of those properties of mineral 
bodies, which, though frequently serviceable in distinguishing 
them from each other, is by no means constant; for though there 
are some minerals which clways exhibit the same tints, there are 
others which display the utmost diversity ; so that specimens 
having an apparent identity of chemical constitution, and, in most 
respects, of physical character, will yet be found of very dif- 
ferent colours. This is especially the case writh those mineral 
bodies which are considered as precious stones, and when cut and 
polished, used as ornaments. 

9. Thus the gem called the sapphire, sometimes exhibits its 
characteristic sapphirine, or blue colour, and is likewise found 
purple, red, green, yellow, gray, and white, or perfectly transpa- 
rent. Topazes are found yellow, pale blue, green, transparent or 
colourless, and sometimes of a line red. Garnets occur not only 
red, but also black and brown. The diamond is seldom entirely 
free from colour, and some are found blue, pink, dark brown, or 
yellow. Some minerals, as the opaV, exhibit different colours 
when viewed by transmitted light, from those which appear when 
seen by refleoted light. 

What two chametfars of minerals must necessarily be regarded in making 
systematic &rrangement8 7 

What degree of constancy is found in the colours of minerals f 

What examples of diversity in colour can be cited ? 
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10. Yet notwithstanding these anomalous phenomena^ the 

colour may frequently be employed as a discriminating charac- 
teristic of mineral bodies; for though* when considered alone, 
it might afford no certain indication of the nature of a mineral, 
yet, taken^in conjunction with other characters, it will be found 
frequently useful, as enabling us to describe and difkinguish 
mineral substahces. • 

11. Lustre is one of the external characters of minerals, wMch 
is of considerable importance. The principal kinds of lustre are 
the adamantine, the vitreous, the oily, the resinous, the fatty, the 
pearly, and the metallic ; to whiclf may be added the semi-metai- 
lic. The metallic lustre is peculiar to certain metallic ores, and is 
always accompanied by opacity ; and the semi-metallic chara4|f^ 
terizes various earthy as well as metalliferous minerals. 

12. Mineral substances also differ in the degree as well as the 
kind of lustre which they display. Thus the highest degree of 
brilliancy is termed splendid, whence we desciiid through the va- 
rious grades of shining, glistening, and glimmering, till we arrive 
at that which is calted dull, to be observed in most of those 
minerals the fracture of which is earthy. This ^aracteristic may 
also be further modified, and terms employed to denote interme- 
diate degrees of lustre. Thus it may be stated that the lustre of 
a mineral is strongly or faintly glimmering, passing into glistening, 
but such distinctions are scarcely necessary, except in describing 
newly discovered substances. 

13. ^^The different kinds of lustre undoubtedly depend upon 
optical differences in the surfaces, which differences have not as 
yet been clearly explained. Professor Breithaupt is in the habit 
of showing, by the superposition of a camber of watch-glasses, 
that the pearly lustre results from the lamellar structure of a 
transparent mass. The very curious difference between the opti- 
cal properties of the surfaces of metals, and of transparent bodies, 
has been traced, on different roads, by Sir David Brewster andbby 
Professor Airy, and both agree in considering the optical properties 
of the diamond as intermediate between the transparent and the 
metallic character, though they do not agree in their representa- 
tion of the peculiar laws which the diamond discloses. When the 
connexion of these properties with those of other bodies is clearly 
made out, we shall probably learn more distinctly than we now 
can, what is the precise distinction oC metallic, adamantine, and 
vitreous lustre.”* 

14. Transparency is a property which does not belong to all 

• 

What dependence for colour is found among mineraLi on the direction 
of the light by which they are viewed ? 

\^at classification may be formed on the ground of the lustre of mine- 
ral substances ? 

What property is found connected with metallic lustre f 

How many divisions may we form on the degree df brillia^y I 

To what is the difference in lustre probably ascribable 7 

* Whewell on Mineralogy, in Rep. of Brit. Assoc, for 1832, p. 327. 



240 


MIKERALOGV. 


minerals, and in those which possess it, it exists in different de* 
grees. Some minerals are semi-transparent, as cornelian, and 
Mrtain kinds of obsidian ; others are merely translucent, or but 
little removed from opacity. A few minerals which appear 
opaque, when examined in tne air, become more or less transpa- 
rent if iihmersed in water. This is the case with a sort of opal, 
hence called hydrophone.* 

1‘3. Hardness is very important, because it is a very constant pro- 
perty in most simple minerals. Professor Mohs, of Vienna, has 
formed a scale of numbers to indicate the decree of this property 
respectively belonging to any niineral. In this scale the hardness 
of common talc is 1, of gypsum 2, of calcspar 3, of fluorspar 
2pbf apatite, or asparagus stone 5, of feldspar 6, of quartz 7, of 
topaz 8, of corundum 9, and of diamond 10. 

16. The hardness of a mineral may he ascertained by trying 
whether it will scratch another, the relative hardness of which 
is previously knoVn. Hence, according to the preceding scale, 
supposing the hardness of a mineral to be indicated by 5^, it must 
be inferred that it is intermediate between 3 and 6, and therefore 
that it would scratch apatite, and be scratched by feldspar. Pro- 
fessor Breithaupt, of Freyberg, has extended the numerical scale 
of Mohs from 10^ to 12^, by introducing mica between gypsum 
and calcspar, and sodalite between apatite and feldspar, as inter- 
mediate degrees ; and it is obvious that, if it were thought desir- 
able, further distinctions might be made, and the scale might be 
enlarged. 

17. It is an observation of some importance with respect to the 
hardness of several minerals, that it appears to be different in dif- 
ferent parts, and even inllkferent directions. Thus the edges and 
solid angles of crystals seem to be harder than their faces; 
and in the diamond, serviceable cutting points can only be obtain- 
ed from natural crystals. The diamond-cutters distinguish the 
angles of a dodecaedral crystal into hard and soft points, the for- 
mer consisting of those which are also the angles of the primitive 
octaedron, and which cannot be split or broken off, but must be 
ground down with diamond powder; while the low triangular 
pyramids, which form the other points, may be removed by 
cleavage. Kyanite afibrds an example of a mineral, the hardness 
of which will differ according as rc is scratched, along or across 
the direction of its axis. 

Wliat effect on the transparency of certain minerals is deriv€>d from fill- 
inff their pores with water 7 

What substances have been adopted as standards of hardness ? 

How is the hardness of an unknown mineral to be tested ? 

How is the hardness of a mineral (bund to vary f 

What distinction is ibrmed by diamond cutters in regard to the angles 
of crystals? . 

What exa^nple of different degrees of hardness, depending on*direction, 
is known to Acist 7 


* From the Greek woaier^ and to show light 
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18. Cmsisteney is a property which is intimately connected with 
hardness, but of a more neneral nature. A substance may be at the 
same time very hard and very brittle, or it may be extremely soft, 
and at the same time tough or tenaceous. Thus euclase and an- 
thophyllite are hard bodies, but easily frangible, or brol^n by a 
blow; while asbestus or amianthus, which are very soft and 
flexible mincrfis, are at the same time v^y tenacious, so that 
fibres of these substances may be twisted into threads, and wcf^en 
to make cloth. 

19. Density^ or specific gravity ^ is one of the properties of mineral 
bodies deserving of attention, as fdmishing the means of discrimi- 
nating them from each other. The nature of this property of matter 
with regard to substances in general, hits been amply noticed in the 
preceding volume of this work, in wHlch, likewise, the modes 
of ascertaining the specific gravity of bodies, has been described 
and illustrated.* 

20. Much attention has been paid to specific^gravity, as a cha- 
racteristic property of minerals, by Professors Mohs and Brei- 
thaupt, who have determined most minutely the^alue of this cle- 
ment for very extensive* series of minerals. Beudant has discovered 
that large crystals, and especially bacillary masses, are inferior 
in specific gravity to small crystals ; and he therefore recommends 
the pulverization of minerals previously to trials of their specific 
gravity, in order to obviate the uncertainty that might arise from 
these differences in the mode of aggregation. Magnus found that 
garnet and similar minerals, when melted, and again solidified in 
a glassy but uncrystalline state, have their density diminished by 
the operation; the Greenland garnet, for instance, when thus 
treated, had its specific gravity reduced«ffom 3.9 to 3.05«f 

21. ToAit and odour are sensible qualities of minerals, which 
cannot be very extensively applied to practical purposes. ^ Taste 
is chiefly confined to saline minerals, and is sufficiently obvious in 
most cases where it exists, as in rock-salt, (chloride of sodiiiif),) 
and alum, (sulphate of alumine.) Some minerals are distinguished 
by a peculiarly disagreeable smell, as is the case with a particular 
kind of limestone, which is hence called swinestone, or fetid 
limestone. 

22. jEkctro^agfietiam^ or electricity^ manifests its influence ia 
some minerals, by the productiSn of a phosphorescent light, .when 
they are subjected to collision or frictioai; and others, by friction or 

How may minerala bo distinguished in reference to coneiittency? 

On what is the diflerence in flie speciflc gravity of mineral Bubstances 
of the same species sometimes found to depend ? 

What classes of minerals are possessed of taste ? 

How does the possession of electrical properties by a mineral become 
apparent f 


* Scientific Class Book, pt. i. p. 151. 

t Whewell on Mineralogy, in Rej^ of Brit Assoc, for 1832^ p. 388. 
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the application of heat, may be made to attract light bodies, in the 
same manner as excited glass or sealing wax.*' 

23. There are many terms denoting properties or appearances 
of mineral bodies which are of frequent occurrence in treating 
M|ieein|ng them, and may therefore be briefly explainedc Minerals 
hMbtNjU to be adhesive when the newly fractured surface adheres it 
applied to the tongue, as is the case with slate. Those which 
may be divided into thin plates are termed lamellar minerals. 
Crystals, the length of which greatly exceeds their other dimen* 
sions, are called bacillary crystds, and when they are very much 
attenuated, they are termed eitpillary^ and if they diverge from a 
common centre, aeopeform fibres. Irregular globular bodies are 
styled nodules^ or nodular masses, and those which have no sym- 
metrical form, are callecir amorphous. Specular means smooth, 
shining, mirror-like ; tabular^ approaching to flatness ; and vesicu- 
loTf sponge-like, or full of holes or vesicles. 

24. Minerals ate properly definite comppunds, in various states 
of complication, of those elementary bodies with which chemis- 
try has made uf^ acquainted, except in a few instances ; some 
bodies, as gold and carbon, being presented to us by nature in a 
pure and uncombined form. Among compound mineral bodies there 
are some, however, which appear to be simply aggregated, or to 
consist merely of mingled masses, while by far the greater number 
are chemical compounds. When minerals are simply aggregated, 
as for instance, when gold is found in limestone, the separation of 
the metal may be effected by the mechanical operations of pound- 
ing and w'ashing; but in the case of chemical compounds, as 
sulphur and copper, (copper pyrites,) or oxide of tin, called wood 
tin, the separation of thennetal from the sulphur in the first case, 
and from the oxygen in the second, can only be effected by 
chemical processes, the nature of which has been already de- 
scribed in the Treatise on Metallurgy. 

v> 

What is meant by the term adhesive as applied to minerals ? 

What minerals are called lamellar ? 

How are the terms bacillary and capillary applied 7 

What ones are called sccpnorm minerals ? 

How are the terms nodular and amorphouM distinguished from each 
other? 

How are specular, tabular, and vesidulaT used in mineralogy 7 

How may simple aggregates be separated 7 


* The effect of heat and fViction in exciting phosphorescence or electric 
light, has been noticed in the Scientific' Class Book, pt. i. pp. 337, 3^ 
The development of electric attraction by heat or friction, has been ob- 
served and made the subject of experiments by Haiiy, and other mineralo- 

f [i8ts. The electric property of the tourmaline long since attracted atten- 
lon, and apnong the minerals capable in some degree of similar excitation, 
may be nmntioned^ boracite, toraz, axinite, mesotype, prehnite, calamine, 
and spheire or titanite. See Encydop, Metrop., Mixed Sciences, vol. it 
EUdrieity, pp. 131—134. 
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25. Amon^ the ultimate or constituent elements of minerals 
may be mentioned, 


Oxygen 

Postash 

Hydrogen 

Soda 

Chlorine 

Lithia 

Nitrogen 

Barytes 

Sulphur 

Strontia 

Selenium 

Lime 

Carbon 

Magnesia 

Phosphorus 

Alumine 

Water 

Zicron 

Glucine 

Thorina 

Yttria 

Ammonia 

Addsm 

Met€d^ 

Carbonicf Acid 

Platina 

Phosphoric A. 

Gold 

Fluoric A. 

Silver* 

Sulphuric A. 

Mercury 

Muriatic A. 

Palladium 

Nitric A. 

Rhodium 

Boracic A. 

Iridium 

Tungstic A. 

Osmium 

Chromic A. 

Copper 

Molybdic A. 

Nickel 

Telluric A. 

Iron 

Arsenic A. 

•Tin 

Titanic A. 

Zinc 

Columbic A. 

Cadmium 

Antimonic A. 

Tungsten 

Vanadic A. 

Bismuth 

Silicic A. 

Cobalt 

Succinic A* 

Manganese 

Mellitic A. 

Molybdena 

Uranium 

Cerium 

Antimony 

Chromium 

Columbium 

Arsenic 

Titanium 

Tellurium 

Vanadium. 


What are among the non-metallic elements found in minerals f 
Which of the acids exist in the mineral kingdom f * 

How many metals belong to this department of nature f 
Into how many classes did minerali^sts formerly divide the substances 
treated of in this science f 
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Ckissificatlon of Minerals, 

M. The earlier systematic writers on mineralogy in general 
arranged^mineral substances in four classes, namely, earths, salts, 
bitumens, and mentals ; subdividing these into orders depending on 
tlieir textures or othei^ physical properties. Such systems were 
supWseded in Germany by that of Werner, founded on the joint 
consideration of chemical and external characters; and the ar- 
rangement of that distinguished philosopher was, with some 
modifications, for a long lime generally adopted by mineralogists 
in other countries. Werner and his followers employed the division 
of classes above stated, only substituting the term inflammables 
or combustibles for that of bitumens ; but the sections or subdi- 
visions were variously altered and improved. In France a system 
was proposed by .Hauy, founded on crystallization, as the most 
distinguishing cha\^cter of minerals. He defined a mineral spe- 
cies to consist of individual bodies similar in their composition, 
and with crystalline forms also similar. Some minerals, however, 
are not crystallized, and such he distributed according to their 
chemical composition. *^The definition which seems to be recog- 
nized in the crystallometrical school of more modem times is, tTie 
same ^primary form with the same fundamental angles of cleavage^ 
combined with an approximate identity of citemieal and physical 
characters'^ 

27. Both the system of Hauy and the more modern doctrine are 
founded on a presumed relation between chemical composition and 
crystalline form, examples of which are too numerous to admit ot 
the least question, but Concerning the nature and extent of the 
relation we are not yet qualified by any means to decide ; and 
hence arises a manifest source of imperfection and discrepancy in 
the mineralogical arrangements derived from it. Observations 
thiN have been made of the analogy of form between bodies vary- 
ing in composition, led to the assumption of the principle of iso- 
morphism, or plesiomorphism ; which, as being connected with 
crystallization, will be further noticed in treating of that subject. 

28. Professor Berzelius has constructed an arrangement of mi- 
neral bodies, founded on their relative electro-positive and electro- 
negative properties. This system^ since it was first proposed in 
181G, has been considerably modified, especially in consequence 
of the discoveries that have been made relative to isomorphism ; 
and though still necessarily imperfect, it may be regardea as the 

What wnB the basis of Werner’s divisions ? 

JJovv did Haiiy ibnn his classes? 

How did he clQBsify uncrystallized substances? 

^How niai>y distinct characters are embraced in the . modem definition 
of crystals 1 

What characters has Prof. Berzelius made the foundation of his system ? 


* Wbewell on Mineralogy, in Rep. of Brit. Association lor 1832, p. 350. 
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nearest approximation yet obtained towards a regular and consist- 
ent classification of mineral substances. 

29. Y order established by the eleeiro<ihemieal relation of 
bodies i^upposed to be generally preserved in all their combina- 
tions. llius, if A be eU^ro^gative in respect of B and of C, B 
will generally be electro-negative in rela|jlon to C ; but this ap- 

E ears not to be universally so ; and sometimes one electro-neggtive 
ody is found combined with two or more bases, and sometimes 
two acids are combined with a single base. If, says Berzelius, 
with these theoretic notions in our mind, we look through the pro- 
ductions of the mineral kingdom, the apparently confused combi- 
nations which minerals present willjbe immediately pervaded by 
regularity and order. We perceive aiwextensive class of minerals 
into which silex enters as a constituent, assuming the character 
of salts, either simple, double, triple, or quadruple ; and with 
various excesses of the €icid or the base. 

30. In the same mAnner we perceive the oxides of titanium, of 
tellurium, and of ot|)er metals, performing the functions of acids, 
and thus reducing the whole series of mineftils to one uniform 
system of classification ; and the doctrine of definite proportions 
introduced within a few years into chemistry, might, if we could 
fully avail ourselves of its aid, be said to confer on this system 
of mineralo^cal classification a degree of 4^most mathematical 
precision. But in consequence of the difficulty of ascertaining 
the proportions of the actual ingredients of minerals, and the still * 
greater difficulty of distinguishing those which are essential to the 
species analyzed, we are not yet enabled to confer on a chemical 
classificaiion all the advantages offered ^y the improved doctrines 
of chemistry.”* * 

31. Professor Whewell has remarked that though we do not at 
present possess any system of arrangement on strictly chemical 
principleet^ bringing together in all cases, the substances ^hich 
most resemble each other in external properties, yet the arrange- 
ments recently proposed by Berzelius and others, may be regarded 
as approaching to such a perfect system, whether they be founded 
upon external characters or on chemical principles. ** The new 
system of Berzelius, or that of Beudant, or indeed any of the 
new chemical systems, wouVi produce a grouping of substances 
which would at once be recognised as far more natural than that 
of Haiiy or Phillips. The last syeAem of Berzelius has been 
adopted in the arrangement of the minerals of the British Museum.*' 

32. The ensuing descriptive notices of the principal minerals is 
arranged on electro-chemical classification or system of Ber- 
zelius. 

What character have the mineral ■ubstances into which ailoz enteit as 
a constituent principle ? * . Ei- • * 

What function do the oxides of titanium and tellurium perrorm ? 


♦ Encycl. Metzop. — Mixed Sciences, vol. iv., b^neralogy, p. 468^ . 

x2 * 
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Table of Mineral Claaseem 

(1.) Electro-poeiUve metals and their alloys. 

(2.; Electro-negative bodies and their combinations. ^ 

* Carbon and carburets. 

Selenioiv and seleniurets. 

« Sulphur and sulphurets. 

^3.) Oxides of electro-positive metals. 

{4.) Oxides of electro-negative bodies and their combinations. 
Alumina and alumlnates. 

Silicic acid and silicates. 

a. Silicates with simple bases. 

b, S'ilicates with compound bases. 

- Titanic acid and titanates. 

Columbic acid and columbates. 

Antiifconic acid and antimoniates. 

Scheelic acid and scheelates, br tungstates. 
Molybdic acid and molybdatesi. 

Chromic acid and chromates. 

Vanadic acid and vanadiates. 

Boracic acid and borates. 

Carbonic acid and carbonates. 

Arsen«us acid and arseniates. 

Phosphoric acid and phosphates. 

Nitric acid and nitrates. 

Sulphuric acid and sulphates. 

(5.) Fluorides and fiuates. 

(6.) Chlorides. ^ « 

(7.) Organico-chemical bodies, or minerals derived from or- 
ganized matter. 

Salts. 

Resins. 

Bitumens 

Coals. 

(1.) Electropositive Native Metals. 

32. j&on, thougli one of the most cpmmon of the metallic bodies, 
is not often found in the native state, in consequence of the power* 
ful tendency which it possesses to combine with oxygen, sulphur, 
and other substances. Most of the existing specimens of native 
iron are supposed to have derived their origin from meteoric 
stones ; though this metal is said to have occurred in the state of 

What is the first class of mineral substances according to Berzelius f 
What is the second ? 

How many.Bubdivisions are comprehended under the second class f 
What is third class ? What the fourth ? 

What subafvisions belong to this class t 
Wliat is the fifth class? What is the sixth T 
How many subdivisions are found under the seventh t 
Why.is not iron found pure in its native state T 
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Dure iron ore, massive, and in leaves of a gray colour, having a 
fracture like that of steel, and some degree of malleability. Some 
notice of meteoric stones will be found in another part of this 
volume; 4)ut besides those masses of ferruginous matter, un- 
doubtedly of aerial origin, large blocks of iron, in which the metal 
exists in various degrees of purity, have Bieen discovered in dif- 
ferent parts of the world. 

34. Among these blocks of iron may be mentioned one found 
at Ellenbogen, in Bohemia; the large mass discovered by Profes- 
sor Pallas, on the top of a hill, netween Abahansk and Belskoi 
Ostrog, on the the banks of the Jenesei, in Siberia, which ori- 
ginally weighed about 1680 pounds^ a mass found in Southern 
Africa, and now in the cabinet of HaaAem, in Holland, weighing 
about 250 pounds ; an immense mass of native iron from Otumpa, 
in the Gran Chaco Gualamba, in South America, described hy 
Don Rubin de Cells, •who estimated its weight at fifteen tons ; a 
mass of iron from Atacama, resembling the iMberian iron ; a large 
mass of iron preservefl at Aix-la-Chapelle ; twoslarge blocks on a 
bill in the country of the Esquimaux, near Davis’s Straits, pieces 
of which the people use for making the rude blades of their knives 
and harpoons; a mass of iron weighing 103 pounds, found in 
September, 1829, near the castle of Bohumiltitz, in the circle of 
Prachin, in Bohemia; and one found receiftly at Magdeburg. 
Meteoric stones, fell at Weston, Connecticut, in 1807, at Long 
Branch, N. J., Aug. 15, 1829, and at Munro, Geo«, May 8, 1829 ; 
of these, specimens are preserved in the collection of the Academy 
of Natural Sciences of rhiladelnhia. Such of these masses as have 
been analyzed, have in general been found to consist principally 
of iron alloyed with nickel, but the Magdeburg block, accoraing 
to the analysis of Professor Stromeyer, contains, besides iron and 
nickel, cobalt, copper, molybdena, and arsenic ; and the Bohu- 
miltitz mass appears to contain, with iron and nickel, sAall 
quantities of plumbwo and sulphur. Native iron, not meteoric, 
is said to have been found about 1823, in the town of Canaan, in 
the state of Connecticut, forming a thin stratum, or vein, in a mass 
of mica-slate. It was uncombined with nickel, and quite malleable. 

35. Native copper is usually 
found unalloyed, except with 
smaM portions of iron and gold. 
It exhibits a great variety of 
beautiful forms, besides those 
of common crystals. Native 
copper appears of a brighter or 
darW colour, as it is more or 
less tarnished, and occurs some- 
times in coasideraUe masses. 

What opinion has been advanced respecting the origin of masses of na- 
live iron found on the surface of the nound f 

Enumerate the localities of some of those masses. 

What other ingredients besides iron are found in softie of them ? * 
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which, found by Mr. Heame, in the eonntiy round Had8on*s 
BiV. is described by that gentleman in his journal* Large masses 
of Mtive copper also occur on the shores of Lake Superior. Some 
specimen^ are foliated, some branching, others in the /orms of 
octaedral, cubic, prismatic, or oUier crystals; and this^ metal some 
times displays arborescent, and sometimes fibrous or filiform figures, 
as re)»re8ented in the margin. 

36. Bismuth is found native, massive, disseminated, and arbores 
cent, imbedded in jasper or other minerals. When in the massive 
state its fresh fracture usually presents changeable colours like 
some silks, or the plumage of a pigeon's neck. It is occasionally 
found crystallized in octaedroas, or long, double, triedral pyramids, 
and tabulated ; often striatbd. Native bismuth, disseminated as 
quartz, is found at Lane's mine, in the state of Connecticut. 

37. The existen^ of lead in the native state is somewhat pro-* 

blematical. Mr. Rathkie is said to have discovered it in the 
island of Madeira, but the lead there foun^ is supposed to have 
been of volcanic oygin ; and the occurrence af native lead in lava 
has been observed elsewhere. * 

38. Silver is found more frequently pure, or in the state of 
alloy, than most other metals ; but it is most plentiful in the state 
of native silver. The metal is occasionally found in immense 
masses ; the silver-ifiines of Kongsberg, Norway, formerly afforded 
specimens, weighing from 100 to 150 pounds; and in the mine 

cdled Nye Forhaabning, one was raised 560 
pounds in weight, which is still preserved in the 
royal cabinet at Copenhagen. Specimens of 
native ^silver exhibit a diversity of beautiful 
forms, such as arborescent, branching, foliated, 
and moss-like, or in delicate curls like cotton 
threads. It is also found tooth-shaped, wire- 
shaped, and sometimes canaliculate add serrated. 
It likewise occurs imbedded in calcareous spar, 
in prisms crossing each other in all direc- 
tions. 

39. Mercury sometimes occurs native in globules, disseminated in 
coarse sandstone, and other substances. Crystallized cinnabar, or 
sulphuret of mercury, is found occasionally sprinkled with globules 
of metallic mercury. Natjve amalgams of the metal wim silver 
occur both in the semifluid and solid states. The hydrarguret of 
silver crystallizes in perfect and modified rhombic dodecaedrous 

In what state is native copper generally found t 
In what condition is native bismuth found t 
JVhat peculiarly does its colour present 7 
jn what fbnns does it crystallize ? 

^n what ^alities^has native lead been discovered 7 
In what ftndition is silver met with in nature 7 
What remarkable specimens of this metal have been obtained 7 
What variety of form does it present 7 
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and other fibres. The plastic nature of this amalgam is taken 
advantage of by the Mexican miners to mould figures and ornaments 
of this substance. 

40. Goid is found either in a state of purity, or alloyed with a 
few otheiP metals, and generally in the latter state. It^ccurs in 
foliations upon quartz, associated wnth other substances ; but the 
great bulk of this precious metal in circulation, is principally^ro- 
cured from alluvial strata, where it is met with in masses of 

various sizes. Pure gold occurs either mas- 
sive, in detached crystals, as grains in the 
state of gold dust, or interspersed in brown 
ironstone, in cniartz with needle ore, in den- 
dritic or arborescent crystals, and in moss- 
like masses, consisting of delicate inter- 
woven fibres, as in the marginal firare. In 
all these states it is^ound in the gold 
regions of Virginia, North and South Caro- 
• Una, and Georgia. The alloys of gold are 
found crystallized in^qninute cubes and octaedsons, variously ag- 
gregated in reticular plates and other forms. 

Muriferous silver^ or tlecirum^ is an alloy of a yellowish-white 
colour, containing gold in various proportions. 

41. Plaiina occurs in small grains, very heavy, and of a silver- 

white lustre. These grains are found in the alluvial strata. With 
platina are intermixed other metallic bodies, as the alloy of iridium 
and Qfsmium^ in shining foliated eprains. Palladium is found in 
delicate scaly grains, of a lead colour, alloyed with platina. 
Rhodium is a white metal, which, with pjatina, iridium, iron, &c., 
forms a black alloy. * 

JSkctro^Negative Metallic and Meialhidal Subatancea^ and their 
Non~Oxidized Combinations^ 



Tellurium and TeUurets. 

43. Naiive tellurium is a mineral gene- 
rally of a white colour, with a metallic lus- 
tre,which occurs massive, fine-grained, and 
dissenrinated, in the mines of Transylvania. 
Graphic telluijum occurs of a grayish 
colour, with a metallic lustre, sometimes 
tarnished, exhibiting delicate tetraedral 
and hexaedral prisms, aggregated or in- 
terwoven on the surfaces of other minerals, 
so as to have some resemblance to Arabic 

What is the most common state of native gold f 

With what rock is it chiefly associated ? • ‘ , 

In what soil are the grains and fragments of gold usually iSet with t 

How do its alloys commonly present themselves f 

In what state does platina occur? , 

In what situation is it found f What metals usually accompany it ? 
Under what didferent appearances does native tellurium occur I 
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or Hebrew charecters. This mineral contains a portion of gold, as 
also (does the yellow tellurium. Black tellurium contains lead. 

43. Native antimmy is found in the mines of Dauphine. It has 
a white colour like tin, and a granular and foliated fracture : it 
occurs massive, rarely distinctly crystallized. Antimonial silver, 
or stibiuitlt of silver, is found in the Hartz mountains, of a bright 
white colour, massive,/and ciystallized in cubes or fttriated. Anti- 
mony is also found alloyed with other metals, as nickel and Lead. 

Jtreenie and Armetureta. 

«• 

44. Native araenie has nearly the colour of tin, but soon becomes 
tarnished. It exhibits reniform and botryoidal figures. Arseniuret 
of nickel, commonly called kupfer-nickel, or copper nickel, has 
the colour of tarnished copper. Arseniuret of cobalt comprises 
the mineral called gray cobalt, from its steel-gray colour. Arse- 
niuret of bismuth i|^ found in small brownish globules at Schnee- 
berg, in Saxony. 


Carbon and CarburetSm 

65. This is a mineral which exhibits a great dissimilarity of 
form and appearance in different states or modes of aggregation. 
Scarcely any substances can be more unlike in their external cha- 
racters than the diafiiond and charcoal, though cheniical analysis 
seems to demonstrate a perfect analogy of composition. Among 
the minerals which are considered as varieties of pure carbon are 
diamond, anthracite, and graphite, or plumbago. 

46. The diamond exhibits several crystmline forms, as the 
primitive regular octaedrdn , the same with solid angles truncated ; 
with edges truncated, forming the passage into the rhombic dode- 
caedron ; varieties of the latter, giving rise to the hexaedral, pris- 
matic and tetraedral forms ; cimes with truncated and bevelled 
edg6s; and hemitropic crystals or macles. This gem exhibits 
various colours ; some having a brownish or greenisn tint, others 
are yellow, and there are blue, pink, rose-red, and dark brown 
diamonds ; but the latter are very rare. Diamonds of a large size 
are of very unusual occurrence. Among the most remarkable may 
be mentioned the large diamond in the imperial sceptre of Russia, 
which was purchased by Catharinb II. for the sum of 90,000/. 
paid down, and an annuity of 4,000/. to the seller ; its w^ht 
IS 193 carats, and its size nearly that of a pigeon’s egg. /luis 
gem is considerably exceeded in weight and dimensions 1^ one 
which belongs to the Rajah of MattaU, in the island of Borneo, 
where it was found about a hundred years ago. In shape it re- 
sembles an egg, with an indentation near the Smaller end. It is 
Ba,^ to be a stone of the finest water : its weight is 367 carats, or 

2n what localities antimony obtained ? 

What is the colour of native arsenic f 

In what forms does carbon occur in nature ? 

What variety of extcnial characters is found in the diamond f 

What remarkable specimens of this mineral have been found I 
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ft ounces, 169.87 grains Troy. A Dutch goTernor of Batavia, 
wishing to purchase this diamond, offered to the rajah, in exchange, 
150,000 dollars, two large brigs of war, with their guns and am- 
munition^ together widi other pieces of cannon, and a Quantity of 
powder and shot; but the rajah refused to part with the gem, to 
which the Malays attributed the power of ^uring diseases, and the 
possession of other miraculous properties. ^ 

47. Anihrxuiit^ or kohknhlende^ is a carbonaceous mineral, one 
variety of which is called Kilkenny coal. Anthracite has a semi- 
metallic lustre, and a conchoidal/racture, and is sometimes slaty, 
and occasionally columnar. It bums like charcoal, without flame 
or smoke ; whence in Scotland it is palled blind coal. In Penn- 
sylvania (tkis mineral exists in a great variety of degrees of purity, 
from that which has 98 per cent, of carbon to that which passes 
almost entirely into a slaty consistency ; and from the massive, 
lustrous, compact, jet black anthracite to the eilmost perfect bitu- 
minous coal, or the imperfectly converted lignite. It is equally 
interesting as a mi]]Leral deposite and as an article of commerce, 
being, when pure, unsurpassed as an article 5f fuel whether for 
domestic or manufacturing purposes. 

Graphite^ or plumbago^ is the well-knoWn substance commonly 
called black-lead. It is found in England, Scotland, France, 
Spain, Germany, the United States, and othqr countries ; but that 
variety which is most useful for making black-lead pencils, is ^ 
procured from a mine at Borrowdale, in England. It is sidd to ' 
occur in large, roundish masses, imbedded in a mountain of argil- 
laceous schistus, traversed by veins of quartz. 

Selemon and Sekniureta^ 

49. Selinion appears to be a substance but sparingly distributed 
in the mineral kingdom. Among its compounds may be noticed 
the mineral called eukairiie^ a se&hiuret of Mver and copper } the 
sekniureta of lead and copper^ which are me products of Swedish 
mines ; and the combination of adenion wih aiUphur^ occurring in 
the volcanic regions of Italy. 

50. The eukairite is exhibited in the 
annexed figure. 

Besides these may be mentioned, the 
adeniurd op biamutk and tellurium^ Aat 
of lead and cobalt^ the eupriferoue sefe- 
niurei of lead^ the aeleniuret of lead and 
^mereury^ and the rioUte and eulebrite^ 
which are seleniurets of zinc with sul- 
phur and mercury. 

What value has been attached to these specimen^ f 
What are the characteristics of anthracite f 
What is the common name given to plumhajso ? 

What is the chemical composition of eukairite f 
What seleniurets occur in nature f 
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Sulphur and Sulpkureis, 
a. Single Sulphurets. 

61. Native eulphur occurs in beds of gypsum or seldnite, suN 
phate of stroniiant and also, though more rarely. In the veins of 
priifiptive rocks. It isTfound in the mountains of South Americ^ 
in the Apennines of Piedmont, in the glaciers of Mont Blanc, in 
Spain, Hungary, Poland, and Siberia. Sulphur occurs crystal- 
lized, massive, and stalactitic. Jt appears in some warm springs 
in such quantities as to form a deposit when the water is cooled 

in contact with air. This mine- 
ral is often found sublimed, near 
the craters of volcanoes, as in 
Italy, Sicily, and South America. 
Sulphur crystallizes in acute oc- 
taearons, tho common base of the 
two pyramids being a rhomboid : 
also spongedus and granular, and 
sometimes forming tufted or 
branching crystals. (See mar- 
ginal fig.) 

69. The metallic jsiulphurets are numerous, constituting a large 
proportion of the ores from which metals are obtained for economi- 
cal purposes. 

Sfulpnurei of mafiganese^ or manganese blende^ is found at Nag- 
yag, in Transylvania, in the mines of Cornwall, and in Pern. 

Suiphuret of zine^ or blende^ is usually called by the English 
miners black Jack. The colour of this mineral varies ; some 
specimens being yellow, some brown, and others black. The first 
is generally the most pure, the others containing iron, silica and 
wattf, as well as zinc and sulphur. One variety of blende when 
scramhed gives out a phosphoric light. The fibrous blende of 

Przbram, in Bohemia, contains cad- 
mium; and the testacedus or sdhaalen 
blende, which has been found at Gerold- 
seck, in the Brisgan, is a sulphuret of 
zinc with ^ iron and a portion of lead. 
This mineral ocoim ittassivs, and in 
various forms, as oe|aedron^ tetraedrons, 
and dodecaedrons, me primitive metal 
being a rhomboidal dowaedrom mme 
roecimens exhibit spicular crystals, as 
in the marginal figure. The black blende is mund at Westehee- 
ter, Pennsylvania. 

Ip what situations is native sulphur found ? 

In what forms do liH native masses present themselves ? 

What are me figures of its crystals f 

What name is given in England to the sulphuret of rinc ? 

With what other metri is Oiis sometimes combined f 
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53. Sulphuret qf or pyrites^ is among the most abundant 
knioeral products in Tarious parts of the world. Large crystals 
of this substance have been met with in the sepulchres of the 

Incas of Peru, and they 
are supposed to have been 
used as mirrofh. No- 
dulfss or globular masses 
are sometimes found in 
chalk. Its primitive form 
is the cube; but it oc- 
curs variously crystal- 
lized, as in the annexed 
figure. 

54. Radiated pyrites (a variety frequently including the lenti- 
cular or coxcomb, and the globular pyrites) 
is very liable to spoqtaneous decomposi- 
tion and inflammation, sometimes pr<> 
ducing mischievous consequences in mi- 
neralogies cabinets. •Magnetic pyrites 
occurs massive, foliated, and crystallized 
in hexaedral prisms. Pyrites exhibits a 
metallic appearance, much resembling 

brass or pinchbeck. ^ 

55. Sutphuret of cobaU is seldom found crystalUzed, occurring 

massive and disseminated. Its colour is naie steel-gray ; when 
tarnished, reddish ; and it yields a sulphureous vappnr when 
heated. The mines of Tunaberg and Bastoaes, in Sweden, afford 
cobalt pyrites. « 

56. &lphuret of tdekel^ formerly supposed to be nadve nickel, 

till its composition was ascertained by Arfvedson, occurs in the 
capillary form, or that of long, wire-shaped crysi^s, of a brass- 
yellow tifit, tarnished. ^ 

57. Sulphuret of copper is the 
most common ore of that metal, 
including some varieties. It is found 
in severm forms as compact, foliated 
or crystallized, the pnmitive form 
being an acute octaedron, With a 
square base. (See marginal figure.) 
One variety is the msdmable copper 
ore, peculiar to Siberia : the colour 
said to be a shining steel-gray. 

What is the primitive form of the sulphuret of iron 1 . 

For what purpose does the lustre o€ this substance allow it to he used I 
Wluic occurs when radiated i^rites is exposed to the air I 
How do we find sulphuret of cobalt! . , • 

What is the appearance of sulphuret of nickel? # , 

In what combination does copper most frequently present itselrf 
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NjAggilphuTete called yellow copper and copfjer pyriteSt contain 
as well as copper and sulphur. Varie^ted or peacock 
c^per ore, which is of this kind, exhibits fine indescent colours. 
Among the sulphurets of copper may be reckoned the secondaiy 
fossils, styled Frankenberg corn-ears, which are found in bitumi- 
nous mirl-slate, at Frankenberg, in Hesse ; and m chiefly com- 
posed of Titreous andpgray copper. Tennantite, mund in copper 
mines near Redruth, in Cornwall, appears to differ from gray 
copper ore, in containing more sulphur and less iron, and in pos- 
sessing greater hardness. 

6d. Sulphuret of Uad^ or gdiena^ is the most important, as 
well as the most common of the ores of this metal, constituting 
the principal source from which it is obtained. It usually contains 
silver, in addition to lead and sulphur. It occurs in extensive 
beds and veins, in primitive and secondary rocks, most abundantly 
in argillaceous schist and secondary limestone ; and it is acom- 
panied by the ores if zinc, copper, iron and silver ; and by uuartz, 
sulphate of barytes, carbonate of lime, and .fluoride of calcium, 
(fluorspar.) Much of this ore is obtained from iSie mines of Missouri, 
where it is found massive, or crystallized in cubes and regu- 
lar octaedrons, sometimes of gigantic size. The peacock lead ore 
of the miners displays various purple tints, like a dove’s or pea- 
cock’s neck. A compact and specular 
variety is styled by the Deroyshire 
miners slicicenside.” Blue lead ore, 
crystallized in hexaronal prisms, is 
found at Huelgoit, in Rretagne. Anti- 
moniated ralena, of a tin-white colour, 
aggregated crystals, contains, besides 
lead and sulphur, a large portion of an- 
timony. 

59. Sulphuret of bismuth^ or bismuth g/once, occurs massive, or 
in dcUcate acicular crystals. Cupreous bismuth ore is a sulphuret 
of bismuth and copper, which is found massive and disseini 
nated. Needle ore, a sulphuret of bismuth, lead and copper, 
which derives its appellation from its wire-like appearance, 
occurs imbedded in Quartz. 

60. Sulphuret of tin, or tin pyrites^ also called bell-metal ore, 
from its colour, is a compound of sblphur, tin, and copper, with 
a small portion of iron. 

61. Su^huret of meriur^ exhibits some diversity of colour and 
form. There are two varieties, cinnabar, and hepatic mercurial ore, 
the former of which is divid^ by WeAier into the dark red cin- 
nabar, the colour of which approaches that of cochineal ; »n4 the 

What other metal ia aome times mixed with the sulphuret of copper f 

tt*hat ia the. common name of the sulphuret of lead ? 

Ih what kind of rock ia it generally ioand t 

What ia meant by cupreous biamuth ? What by needle ore ? 

What ia the ^e composition of tin pyrites? 

What name is commonly given to the sulphuret of mercury ? 
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bright red or native vermilion. The hepatic mercurial ore, or 
liver ord is a mixture of cinnabar with bituminous and earthy 
matter compact and slaty, found in the 
mines of Idris. Coral ore is of the same 
nature, with petrifactions. This Sfilphuret 
occurs disseminated and superficial, form- 
ing arborescent figiftes on clay-slate, ^Jcc. 
(See marginal figure.^ 

63. SuTphuret of silver^ or vitreoua oiU 
ver ore^ oQpurs massive, or crystallixcylUin ‘ 
cubes, octaedrons, and dodecaedrons, besides other forms. Black 
silver ore is a pulverulent variety of this sulphuret, having a 
f^^iaceous, sooty appearance; someitimes massive, or coating 

63. Sul^hurei of aniimmy^ occurs contact, foliated, radiated, 
or plumose ; composed of downy fibres, disponed in nests, or fas- 
cicular crystals. (See marginal 
figure.) Some varieties exhibit 
a fine iridescent blue, yellow, 
and red tarnish* 

64. Sulphuret of arseme^ when 
it contains a large proportion of 
sulphur, constitutes the mineral 
called orpiment, characterized by 
its bright yellow colour ; with a 
less proportion of sulphur, arse- 
nic forms realgar, or red oraiment. 
The latter is said to occur chiefly in prigiitive rocks, but the yel- 
low orpiment in the secondary or fleets rooks of Werner; and 
both are found near volcanos. These minerals are sometimes 
massive, or lamellated ; and occasionally, but more rarely, crystal- 
lized. • ^ 

65. Sulphuret of molyhdena is a sectile, shining substance, re- 
sembling plumbago, and generally massive or laminated ; rarely 
crystallized. It is found in Sweden, Bohemia, and near Mont 
Blanc, disseminated in a gray granite. It has also been met with 
in Cornwall, and in Inverness-shire, North Britain. 



5. Composite Sulj^hurets. 

66. Sulphuret ofareenie and iron^ areenieal pyrites^ or mUpUkel^ 
occurs principally in veins^in primitive mountains, and is common 
ill the copper mines of Cornwall. It is often iridescent. Some 
varieties are argentiferous, and exhibit a tarnished silver hue. 

What is the true character of black silver ore? 

What is the appearance of sulphuret of antimony? 

What is the chemical character of orpiment and rdalgar t ^ 

What peculiar properties belong to sulphuret of molyhdena f 

In wh^ localities has it been immd I 

To what tri|de compound ia the name arsencial pyrites apfdied? 
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Glance cohalt is an arsenio-sulphuret of co- 
balt, which is found massive, and crystallized 
in cubes, octaedrons, dodecaedrons, and va- 
rious other derivative forms. . 

67. Among the composite sulphur salts may 
lijcewise be mentioned the ioumonite (so 
called from its discoverer. Count Bournon,) 
which is a sulphuret of lead, antimony, and 
copper, crystallized in tetraedral prisms, va- 
riously modified. 

68. lUd or ruby silver ore is distinguished into two kinds, the 
dark red and the light red, poih crystallizing in hexaedral prisms ; 
but the former is a sulphuret of silver and antimony, and the latter 
a sulphuret of silver and arsenic : there are also other varieties. 

Gray capper ore, of fahlerz^ is a double sulphur salt, of copper and 
antimony. 



OjeCdes of the Electro^Positive^ Petals. 

G9. The oxides of manganese occur in considerable variety, and are 
very generally disseminated. Fibrous gray manganese crystallizes 

in delicate acicular crystals, 
and other varieties are radiat- 
ed, foliated, or compact, the 
latter sometimes in botryoidal 
masses.^ Earthy gray man- 
ganese is much used in the 
preparation of oxygen gas. 
Fibrous black manganese is 
found dendritic, on the sur- 
face of stone, or indurated 
marl* (See marginal figure.) Wad is often ocbreous, oT a brown 
or black colour. Sulphuretted oxide of manganese, which resem- 
bles the gray oxide, is found with the ores of tellurium, at Nagyag, 
in Transylvania. Franklinite, is an oxide of manganese with 
zinc and iron. 

70. The oxides of iron are extremely numerous. Specular oxide, 
or iron glance, found in the Isle of Elba, is remarkable for its 
beautiful iridescent or changeable colours ; and specimens from 
Stromboli and Vesuvius occur in large lamellar crystals, often 
imbedded in lava, looking like polished steel. Iron mica is found 
in delicate, bright, hexaedral, tabular ^crystals, of an iron-gray 
colour. Red iron ore includes the varieties of compact red iron- 
stone, and red haematite, the latter in large masses, uniform, or 
inammiilated. Magnetic ironstone, or oxidulated iron, is very 
co'xhmon, bath massive and cry8tallized,.in octaedrons. Wootz, 

What is mjfcont b^’ glance cobalt? What ia the composition of bonmonite ? 

Wliat is the nature of ruby silver ore ? For what is the earthy grey 
manganese employed 7 What is Franklinite ? For what ia the iron ore 

of Elba remarkable ? What varieties does the red iron ore embrace ? 
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or Indian ateel, is obtained from an ore of this kind, found in the 
East Indies. 

71. Hydrous oxide of iron, or brown ironstone, occurs in 
several rarieties, as the micaceous, called goethite, form^^ trane* 
parent tables, pf a blood red hue ; that in line scales, lining the 

cells or vesioles found m lava ; in 
the state of a dark brown po\ffler, 
used by the Booshnanas of South 
Af^ca, as hair-powder ; the fibrous* 
brown ironstone, or brown hf^a- 
tite, in silky fibres, or zoned, at- 
tached* to the roofs or walls of ca- 
verns ; l!he compact brown iron ore, 
and brown ochre. Argillaceous, or 
clay ironstone, ^occurs in nodules, 
reniform masses, &c.«(See marginal figure,) and some specimens 
exhibit impressions of ferns and other vegetables. 

72. Among the ooK^ of copper is the nativetprotoxide, or ruby 
copper ore, which occurs massive and crystallized in octaedrons 
and other figures : and there is a variety found in Germany in 
beautiful bright red capillary crystals. The tile ore, a compact 
earthy variety, is a mixture of ruby copper and brown iron ochre. 

73. Oxide of lead^ or native minium^ supposed to be produced 
from the decomposition of galena, has been found in the lead- 
mines of Yorkshire, England, and on the continent of Europe. 
Yellow oxide has been obtained from Siberia; and an ash-gray 
variety, coating galena, is said to have occurred in North Wales. 
Plombgomme, so called from its appe&rance, is a compound of 
lead with oxygen, alumine, and water, of a shining yellow colour, 
and mammillated. 

74. Oxide of biamuthj or bismuth ochre^ is a light yellowish-gray 
or greenish mineral, earthy and friable, which is found in S^ony 
and Bohemia. 

Oxide of zine^ called red oxide, from its colour, occurs dissemi- 
nated in groups, indeterminately crystallized, or of a lamellar 
structure, in iron-mines in New Jersey. 

Oxides of cobalt. — ^The blaM^, brown, and yellow cobalt ^hres, 
appear to be hydrates, or combinations of water with the oxides of 
cobalt and manganese, frequently mixed with oxide of iron. 

Oxide of uranium^ called wan ochrCj exhibits various shades of 
yellow. Pechblende is a^ferriferous oxide of uranium, containing 
also lead, copper, and other substances. 

Whence is Indian steel obtained ? 

In ivhat variety of forms does brown ironstone occur ? 

What is the appearance of clay iron-stone ? 

What organic substances does it occasionally confain 7 

How is tne oxide of copper crystallized f 

What is the chemical nature of minium 7 What is plombgomme 7 

Where is native oxide of zinc found 7 

What is the nature of cobalt ^hres 7 

What is the nature of the mineral called pechblende ? 

y2 
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?5« Oxide of tin includes common tin ore and wood-tin. Tho 
former occurs massive, variously crystallized, and disseminated in 
granite ; it also forms delicate capillary crystals. Wood-tin has 
been foui^ only in Cornwall and in Mexico; its 8tru6ture, in 

f eiieral, is fibrous, having the appearance of wood, ^ut extremely 
ea^y. A variety, callbd in Cornwall toad's eye wood-tin, ex- 
hibits globular concretions of radiating fibres, disposed concentri- 
cally in brown and yellow colours. 


Oxides and Oxadds of Electro^Negative Suhsianees^ with their Com* 

hinations. 


Alumina and Aluminates* 

76. The oxide of e^luminum^ which constitutes in its pure state 
aluminous or argillaceous earth, sometimen occurs alone in a 
crystallized form, and sometimes acts the part^of an acid, entering 
into combination with the oxides of other, iTodies. Among the 
varieties of native alumina, are the perfect corundum, which is 
found of different colours. The blue kind is the gem called the 
oriental sapphire, the purple tho oriental amethyst, the yellow the 
oriental topaz or chry^lite, the green the oriental emerald, and the 
red the oriental ruby* The adamantine spar, or imperfect corundum, 
and emery, are also chiefly composed of alumina, containing only 
verv inconsiderable portions of silica and oxide of iron. Fibrolite, 
(called, by Lucas, bournonite,) according to an analvsis of Che- 
nevix, consists principally^ of alumina and silica. The indianite 
of Count Bournon is a grahular mineral from the carnatic, con- 
taining specks of hornblende, and it is one of the matrices of the 
common corundum. Diaspore and gibbesite are hydrates of 
alumina. ^ ^ » 

78. The aluminaie of magnesia occurs in the spinel or balas 
ruby, consisting of red octaedral crystals, and there is a blue kind 
of spinel found in Sudermania, in Sweden. Ceylonite or plconaste, 
which has been reckoned a variety of the spinel, according to 
Ekeberg, contains iron as well as alumina and magnesia. The 
automalite or gahnite, found in Swedep, and in New Jersey, has been 
termed the zinc spinel, being a combination of alumina with oxide 
of zinc. Plombgomme, already mentioned, is a hydrous aluminate 
of lead. 


Silica and Silieatlsn 

79. The oxide or acid of siUeon^ and its combinations with the 
oxides of other bodies, form by much the most numerous division 

V7hat are the forms, and localities of wood tin? 

VVliiit is thi> nature of corundum 7 

Into what precious stones does alumina enter as a chief ingredient f 
What is emery ? What is tho chemical composition of spinel ? 

What office does the alumina perform in composing this mineral I 

What* is meant by zinc spinel 7 
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of mineral substances. In previous arrangements the siliceous 
mincrols have in general been considered as constituting so many 
distinct ^ecies, but they may with more propriety be regarded as 
merely varieties, whose peculiar external characters a?e respec- 
tively derived • from the admixture of extraneous substances, or 
from other circumstances connected with tfieir formation. ^ 

80. Rock-crystal, which is composed of 
pure siliceous earth, crystallizes in various , 
forms, tho primitive crystal, which 
rare occurrence, being an obtuse rhoihboid. 
Sometimes it^appears in hexaedral pyra- 
mids, with acigular diverging fibres, as in 
the marginal figure. Very fine specimens, 
and some of extraordinary size, are found 
in Madagascar, and among the Alps. 

81. Amethyst quartz is tinged with a 
little iron and manganese. Rose quartz 
derives its roseate hue^from manganese. 
Red quartz, in small crystals, coloured by 
iron, has obtained the name of hyacinth 

of compostella. Other varieties are fibrous quartz ; flexible sand- 
stone, (bund in Brazil, and at Mount St. Got^rd, in Switzerland ; 
stalagmitic quartz, or quartz-sinter, includinjg the siliceous concre- 
tions formed by deposition from the hot spnnM of Geyser, in Ice- 
land ; pearl-sinter, or fiorite, from the hill of Santa Fiora, in Tus- 
cany, and from the Isle of Ischia ; ceraunian-sinter, or fulgurite, 
supposed to have been formed by the action of lightning; iron, 
flint, or ferruginous quartz, containing small quantities of iron ; 
and hyalite, which contains water combined with silica. Prase, 
or green quartz, contains actinolite. 

82. Avantnrine is a beautiful kind of quartz, of a rich b^^wn 
colour, exhibiting interspersed glittering particles, either from the 
presence of minute scales of mica, or from the occurrence of 
abundance of small fissures, which cause numerous reflections of 
the rays of light; and the cat's-eye, chiefly from Ceylon, displays 
an opalescent lustre, owing to almost invisible fibres of amianthus 
imbedded in the quartz. Hoanstone is of two kinds, called con- 
choidal and splintery, from the mode of fracture; its most usual 
colours are reddish-white, milk-white, ^nd very light gray, some- 
times stained with dull yellow ; and Uie splintery hornstone occa- 
sionally is marked with small irregular spots, supposed to be 
owing to rile presence of chlorite. 



What elementary- principles are the most abundant in the mineral kir.g 
dom ? i ‘ ' 

What is the substance commonly known as rock ciystal ? ^ 

What is its primitive form? 

Enumerate some of the varieties which occur in this substance. 

What peculiar appearance is exhibited by avanturii^ef 
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83. Common flint exhibits a 
vast variety of singular forms and 
appearancesy most of which seem 
to be derived from orgaflic bodies. 

Calcedony occifjrs of different 
colours, as pale blue, gray, and 
sometimes, but more rarely, of a 
light green hue ; it is crystallized 
^in obtuse rhomboedrons ; speci- 
mens of botryoidal calcedony are found in the Ferroe Islands ; and 
nodules inclosing water (enhydrites) in volcanic rocks, at Monte 
Berico, near Vicenza, in ^^aly. Some specimens exhibit curious 
dendritic and other figures on the surface, of a red or hlack colour ; 
they are called mocha stones, and are used for the covers of snuff- 
boxes, and for ornamental purposes. 

84. Cornelian is distinguished from calcedony merely by its 
colour, being red or yellow, and sometimes striped. Plasma is of a 
dullish green colcRir, often spotted with while*. Heliotrope is a mix- 
ture of calcedony with green earth, occasionally containing 
particles of red jasper interspersed, whence it is styled blood- 
stone ; some varieties are yellow spotted and semi-transparent. 
Chrysoprase is a Ijeautiful variety of calcedony, which owes its 
apple-green colour to oxide of nickel. Pimelite is a similar green 
siliceous earthy mineral, which, according to Klaproth, contains a 
large proportion of water. Agates are siliceous compounds of an 
analogous nature, displaying variety of colour, diversified by 
curved and angular lii^s, forming multitudes of singular and 
beautiful figures. Hence* their several designations of striped, 
zoned, fortification, landscape, moss, spotted, and clouded agates. 

85. The jaspers form a multifarious division of siliceous 
minerals. The globular or Egyptian jasper, of various shades of 
red, is found at Cairo, in masses supposed to be formed by infil- 
tration ; riband or striped jasper, generally of a brownish-red, 
with green bands, occurs in Siberia; agate jasper, found only in 
veins of agate, exhibits a diversity of colours, red, white, and yel- 
low ; porcelain jasper, which has a vitrified appearance, is pro- 
duced by the operation of subterrageous heat on clay-slate. 

86. Opal is inferior in beauty of appearance to few minerals, 
being distinguished by a* peculiar chatoyant lustre or play of 
colours, arising from a multiplicity of minute and otherwise im- 
perceptible fissures within its substapee. These are the noble 
opals, the finest specimens of which are found in Hungary. The 
gyrasol, or fire-opal, from Mexico, displays usually reddish, yel- 
lowish, and greenish tints, with a flame-like iridescence, depend- 

* g 

WTiat areithe varieties of calcedony 7 

What is signified by the term enhydrite? What is heliotrope? 

What is the composition of agotes 7 

What variety of jaspers may be enumerated 7 
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in^ on interior fissures. The common opal and the semi-opal are 
destitute of the play of colours which characterizes the noble opal. 
Hydrophane, or oculus mundit is white and opaque when viewed 
in the air^ but is rendered transparent by immersion in water. 
Wood-opal is found of various colours, generally bright yellow, 
and its appearaftce betrays its nature, as opa\ized wood. Jaspopal 
exhibits red, brown, and yellow colours, and is sometimes sjf^C- 
ted. Menilite, so called because it is found at Menil-Montant, near 
Paris, is nearly allied to common opal. All the opals are regarded 
as hydrates of silica. 

a Silicates with a Single Base. 

87. TahlMpar or wollaatonite^ found at Mount Vesuvius, Nagyag 
in Transylvania, and elsewhere, is a silicate of lime. 

The silicatea of magr.esia are more numerous, including steatite, 
which is white, or mottled like soap, and of various emours, the 
yellowish-green variety beingr among the most Remarkable ; kef- 
fekil or meerschaum, of which pipe-bowls are manufactured; 
kelfekillite, found in the Crimea; lithomarge, sometimes of a red- 
dish-yellow colour, and sometimes of a purple hue, but more fre- 
quently white. ^ ^ 

88. Silicate of ztne^ called likewise electric or siliceous calamine, 
is obtained from Hungary and Siberia. 

Silicate of manganese occurs in varieties, which have been distin- 
guished by different names, as allagite and rhodonite. 

Silicate of cerium^ or certYe, found at Bastnaes, in Sweden, con- 
tains yttria as well as oxide of cerium^ and therefore belongs to 
the next division. * 

The silicates of iron include the hisingerite, the sideroschizolite, 
and the chloropheite. 

The silicates of copper are crysocoll, siliceous malachite, or 
mountain-green, which contains, according to Klaproth, carbonic 
acid, as well as silica, and water'; and dioptase, or copper emerald, 
a scarce mineral from Siberia. 

89. Silicate of zireonia includes the common zircon, and some 
hyacinths from Ceylon, and oilier countries ; besides the variety 
called zirconite, and the bine zircon from Mount Vesuvius. 

Among the silicates of alumina are thb kyanite or disthene, and 
its varieues, the bucholzite, and thulsillimanite. The hydrous 
silicates of alumina, or thoi^e containing water, exhibit considera- 

To what is the play of colours in the ** noble opal” attributed ? 

What peculiarity is possessed Iw the hydrophane ? 

What IS the chemical nature of this class of minerals ? 

What IS meant by the term siUcale f (See Chemistry No. 309.) 

What use is made of the silicate of magnesia called kefiekil ^ 

Where is silicate of zinc found ? 

What dillerent varieties of silicate of copper exist? 

What is the composition of silUmonite ? 
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hie variety, including some kinds of lithomarge, fuller's earthf 
bole, cimolite, haloisue, &c. 

Finite occurs crystallized in equiangular, hexagonal prisms, of 
a blackish-green colour, imbedded in granite; and gi^eseckite, 
found in^Greeiiland, appears to be a variety of this mineral. 


o. fijiiicates with Several liases. 

Apophyllite is a hydrated' silicate of lime and potash; me« 
sotype, or needle zeolite, is a hydrated silicate of alumina, lime, 
and soda, occurring in acicuW tetraedral crystals, as in the follow- 
ing figure ; natrolite contah'is alumina and soda, but no lime ; and 
scolicite and thomsonite are hydrated silicates of alumina and 
lime. Analcime a silicate of alumina and soda with a small 
quantity of lime. Stilbite is a hydrated sili- 
cate of alumina and limg, containing (accord- 
^ ing to Gehlen) a little soda. Laumontite, so 
called in honour of M;' Gilles Laumont, who 
discovered it in the lead-mines of Bretagne, 
differs from the preceding in containing no 
soda, but some carbonic acid ; it is subject to 
efHorcsceiice when exposed to the air. Here 
may be mentioned obsidian, of a black or 
smoke-gray hue, massive, with a conchoidal 
fracture; pitchstone, green, reddish-brown, 
or nearly black, like pitch ; and pearlstone, 
of a dark bluish-gray cd\oor, massive, but having a granular ap- 
pearance, with a shining lustre, 

' 91. Among the zeolitic substances may also be mentioned 
prehnite, of which there are two principal varieties, the radiated or 
fibres, which is of a green colour, and the foliated, in*thin tabular 
crystals, of a greenish-white colour ; both consisting principally 
of silica, alumina, lime, oxide of iron, and water, of which last 
body the foliated prehnite contains but a minute quantity ; comp- 
tonite, a volcanic substance, found lining the cavities in lava; 
gmelinite, or hydrolite, and levine^ In the same family is to be 
reckoned the harmotome, or cross Vone, which has received the 
latter name from the peculiarity of its crystallization, and which 
consists of silica, alumina^g^rytes, and water ; and the potash 
harmotome, which includesWe Vesuvian minerals, styled zeago- 
nite, gismondine, and abrazite. 

92. To the feldspar family belong several important mineral 

Enumerate some of the minerals in which silicic acid is combined with 
several bases. • 

What is me appearance of obsidian ?>-ef pitchstone ? — of pearlstone ? 

What appearance has prehnite? 

What is the composition of cross stone ? 
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bodies. Common feldspar is found ex- 
hibiting a diversity of colours, as white* 
gray, light red, ^een, and blue, crys- 
tallized in rlionmic prisms, variously 
modified, imbedded in granite. Labrador 
feldspar is found massive and compact, 
displaying a besftitiful variety of opa- 
lescent cmours. Among the feldspathic 
minerals are adulari, or naker feldspar ; 
cleavel^dite or albite, containing i " 
leucite, or amphigene ; and spodumene or triphane, and petfilite, 
both aluminous silicates of the alkali called lithia. Nepheline, 
elaeolite or fettstein, and wernerite, whU^ includes the meionite of 
Vesuvius, scapolite, paranthine, and dipyre, are minerals more or 
less of an analogous nature. The feldspars are silicates of alumina, 
lime, and potash. • 

03. The inicaceous and talcose minerals form ,an interesting di- 
vision of substances. • Mica exhibits many varieties, which, with 
reference to their chA^ical characters, have bfen divided into 
potassa-mica, ^hich is by much the most common ; magnesia- 
mica, found at Mount Vesuvius, and at Munroe, in the state of New 
Vork ; and lithia-mica, or lepidolite, sometimes of a beautiful 
peach-red colour. Talc is found in considerable variety, as the 
Venetian talc, in foliated crystals of a greenish-white colour, a 
substance which forms the basis of rouge, used as a cosmetic ; in- 
durated talc ; and agalmatolite, (talc ^aphique of Haiiy,) a sectile 
mineral, which the Chinese form into cups, images, or other 
figures. Chlorite is a green mineral, crystallized in aggregated 
small modified rhombic prisms ; and thAre are earthy and foliated 
varieties . 




94. Among the amphi- 
bolic minerals, or thos^f 
the hornblende family, 
may be noticed the com- 
mon, the basaltic, and the 
schistous hornblende ; the 
antinolite, or strahlstein, 
divided into the glassy, 
the common, and the 
fibrous varieties ; the tre- 
olite, or grammatite, 
common and glassy; the 
arfvedsonite ; and uie an- 
thophyllite, which con- 
tain silica, magnesia, and 


What are some of the varieties found in feldspar ? 

What bases are contained in feldspar? 

What are the chemical varieties ibund in mica and talc ? 

What difibrences ol colour and crystalline form do minerals of this cIm 
exhibit ? What are some of the most important of the hornblende iapiily 
of minerals ? 
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oxide of iron or lime ; and most of them likewise contain alu- 
mina. 

95. Serpentine, of which there are the noble and common varie- 
ties, exhibits various colours, green, brown, and red, often inter- 
mixed ;%nd serpentine-marble is ornamented with wavid]^ lines, as 
represented in tne preceding figure. Chrysolite ^nd olivine, like 
8e.p^tine, are coloured by oxide of iron. 

96. The asbestine minerals in thcdr chemical composition are re- 
lated to the preceding. Among fhe most remarkable varieties 

be mentioned, the flexib?f) asbestus, or amianthus, used in 
making incombustible cloth ; mountain wood, rock cork, and the 
blue«and yellow asbestus, from South Africa, called krokydalite. 

97. The pyroxenic migerals are numerous, including augite, 
found in small black crystals, imbedded in lava, the ^anular 
variety of which is called coccolite ; diopside, including the 
mussite and the akilite,from Piedmont ; the pyrgomme, orfassaite, 
which differs from augite in the form of. its secondary crystals ; 
and the achmite. To these may be added the diallage, or schiller- 
spar, of a green^, brown, or black colour,, d’nd having a metallic 
lustre ; the bronzite, having much the colour and lustre of bronze; 
and the hypersthene, tinted with a mixture of brown, black, and 
copper colour, and exhibiting considerable metallic lustre. 

98. The epidotc^.is a mineral of a ^reen colour, massive or in 
large ciystals, containing silica, alumina, lime, and oxide of iron ; 
and some varieties also afford oxide of manganese. Zoisite re- 
sembles* epidote in its chemical constitution, but it is generally of 
a bluish or yellowish-gray colour. Idocrase, or vesuyiaii, is of 
the colour of brown re^n^ and of a shining lustre, and is found in 
prysniatic crystals, among substances ejected from volcanos ; and 
of a similar composition is the hessonite, or cinnamon-stone ; botli 
these minerals containing silica, alumina, lime, and oxide of iron. 
C^^rine is a variety of the idocrase, tinted blue by the oxide of 
copper. 

99. The garnet family contains numerous and diversified varie- 
ties, which are silicates of alumina, tinged with oxide of iron or 
other metals. The pyrope, or chrome garnet, of a dark cherry-red 
colour, occurs in rounded and angular concretions, and likewise 
imbedded in serpentine and otfier rocks; the colophonite, so 
named from its resembling resin in colour and lustre, contains 
oxide of manganese, and lum inute quantity of oxide of titanium ; 
the melanite, or black gai^mif according to Klaproth, is an alumi- 
nous silicate of lime and iron, with a trifling proportion of oxide 
of manganese ; the grossular, or wilui garnet, so called from the 
resemblance of its yellowish-green crystals to a gooseberry, is 
nearly of similar chemical composition ; the allochroite, or splintery 

'^'garnet, is not so hard as quartz, but strikes fire with steel, and 

What appearance is exhibited by serpentine ? 

Enumerato some of the varieties of pyroxenic minerals. 

What materials enter into the composition of epidote f 

Where is idocrase found ? What is the colouring matter of garnets f 

Whence docs the colophonite derive its name 7 
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melts before the blowpipe into a black enamel ; it contains oxide 
of manganese, as well as oxide of iron, in considerable proportions ; 
and analogous to these is the romanzovite. 

100. *Ae gehlenite, so called from Professor Gehlen, an 
eminent mineralogist, is found in scjuare prismatic cryfiffals, of a 
light gmy, oliae-green, brown, or bluish-bl^k colour. The iolite, 
or dicnroite, is so called from its different appearance when viewed 
in different positions, geneni]|||| exhibiting a dull violet, or indigo 
colour ; but if viewed by transmitted light, in the direction of the^ 
axis of the crystals, it appears of A pale yellowish-brown, oi^'i^y 
hue ; and it occurs massive, or crystallized in hexaedral prisms : 
according to the analysis of Dr. Leopold Gmelin,it is an aluminous 
silicate of magnesia and oxide of iron, with small quantities of 
lime and oxide of manganese. Karpholite is a mineral of a deep 
straw colour, in radiated fibres or tufts ; it has only been found at 
Schlackenwald, in Bohemia, and it appears to bfi a hydrated silicate 
of alumina, and the o^des of iron and manganese. 

101. Staurolite, cSross-stone, or granatite, i^ a bisilicate of 
alumine and oxide of Mon. 

Among the silicates containing yttria and protoxide of cerium 
are the gadolinite, a very dark green mineral of a shining lustre, 
as hard as quartz, found at Ytterby, in Sweden ; allanite, a brown- 
ish, shining mineral, from Greenland ; eerily of a reddish-brown 
or crimson colour, found massive and disseminated ; orthite, which 
resembles radolinite, but occurs in thin veins in granite, and con- 
tains, besides yttria and oxide of cerium, oxide of manganese, 
alumina, lime, and water ; and the variety called pyrorthite, which 
inflames before the blowpipe, containiag»one-fourth of carbon. 

102. The silicates, containing oxide of glucinum, (glucina,) 
constitute a division of gems, including the emerald. The emerald 
is found chiefly in Peru, crystallized in regular hexaedral prisms, 
of a fine green colour, which it derives from oxide of chromewThe 
beryl occurs in primitive rocks in various parts of the world, but 
especially in Siberia, resembling in the form of its crystals the 
emerald, but of a pale green or blue colour, containing oxide of 
iron, instead of oxide of chrome. Very large beryls have been 
found at Limoges, in France, and at Ackworth, in New Hamp- 
shire; some crystals weighing more than fifty pounds. The 
euclase is a very scarce minerm, foun^ in Peru and Brazil, of a 
pale or bluish-green cg^our, ciystal^^d in rhombic prisms ; and, 
according to Berzelius, consistidp^ntirely of silica, alumina, 
and glucina. The chrysoberpl, or cymophane, occurs crystallized 
in tetraedral prisms, and variously modified, of a pale yellowish- 
green colour ; and it is an aluminous silicate of lime, coloured by 
oxide of iron. 

What peculiar appearance ie exhibited by the diclfioite 7 

What IB its chemical composition 7 

What are the characters of gadolinite 7 

What peculiarity belongs to pyrorthite 7 Where is the emerald fimnd 7 

In what localities is the beryl found 7 

Z 
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1G3. LazuHte, or lapia lazuli, is the mineral which furnishes 
the piffmeiit called ultramarine ; according* to an analysis of Kla* 
proth, It contains silica, alumina, lime, sulphate of lime, and oxide 
of iron, to which last it was supposed to owe its azure colour; but 
it appeals, from the more recent researches of Gmelin, that ultra- 
marine is a double sil^'cate of alumina and soda, coloured by corn- 
bitJn]^ with sulphuret of sodium, and it has accordingly been 
artificially manufactured in Fran^||; in large quantities. Lapis 
lazuli is found in rolled pieces, m various oriental countries. 
>ta:>yne, or latialite, is a minefLl of somewhat analogous compo- 
sition, containing, according to Vauquelin, silica, alumina, lime, 
and sulphate of potash, witl\ a small quantity of oxide of iron, and 
a considerable proportion, of some volatile matter. It exhibits 
various shades of blue, and ia found imbedded in basaltic and 
feldspathic rocks, in granular concretions, and also crystallized in 
rhombic dodecaedt^ns. 

104. iSodalite, so named from its contakiing a large proportion 
of soda, amounting to a fourth part of the^^nineral, is of a dark 
green colour, massive, nr crystallized in rhomboidal dodecaedrons, 
imbedded in white feldspar. It has only been found in West 
Greenland, and since on Mount Vesuvius. Eudialyte is a silicate 
of soda, lime, and zirconta, with oxide of iron, oxide of manganese, 
muriatic acid, and water. 

105. The tourmalines and schorls, with their varieties, might 
be placed with the borates, as they contain boracic acid. The 
rubellite is a beautiful variety of the tourmaline, of a pale pink 
colour, sometimes imbedded in quartz. One of the finest speci- 
mens known of this min^r^l, in which the crystals are arranged in 
a radiated form, is preserved in the British Museum. There are 
also red and blue varieties of the rubellite, chiefly from Massa- 
chusetts, and from Siberia; flesh-coloured tourmalines are found 
at Etozena, iu Moravia ; to which may be added the dark green 
varietj^, called the Brazilian emerald; and the asparagus green in 
dolomite, from Campo Longo. 

106. Common schorl occurs in black acicular crystals, distinct 
and aggregated, imbedded in quartz or feldspar. Black schorl is, 
in .various forms, found abundantly disseminated through the 

granites. A specimen of green 
tourmaline, analyze.d by Gme- 
lin, was found to contain, be- 
sides silica and alumina, oxides 
of iron and manganese, boracic 
acid and lithion ; red tourmaline 
was found to be an aluminous 

^What is the constitution of lapis lazuli ? 

What ad vantB^e has arisen from an accurate analysis of this mineral ? 

In what situations is latialite found ? 

What is Bodalite and eudialito f 

In what class of bodies are we to place the tourmalines and schorls f 

What constituentc did Gmelin And in green tourmaline ? 
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fiilicate of potash, and oxide of man^nese, with boracic acid and 
tilhion ; and black schorl contains silica, alumina, potash, soda, 
oxides of iron and manganese, and boracic acid and magnesia. 
Axinite is a mineral of somewhat analogous composition, contain- 
ing silicar alumina, lime, and the oxides of iron and mmganese. 
Jt occurs in thin flat crystals, the primitive/orm of which appears 
to be a right prism with a rhombic basis, of a clove-brown coltPtar, 
sometimes very pale, and soi^pnies approaching to gray. Beauti- 
ful large transparent crystals are found at Bourg TOiaans, tf*. 
Dauphine, in France. # # 

107. Hie topaz family constitutes an abundant division of the 
minerals, containing silica and alumina: and from the large pro- 
portion of fluoric acid, which they also gpenerally afford, they might 
perhaps, without impropriety, be reckoned among the fluorides. 
The characteristic colour of the topaz is yellow, hut this gem is 
also found pink, blue, or colourless. It is found crystallized, in 
rhombic prisms, with pyramids, variously modified, and its cross 
fracture is always f&liated. The topaz is sai^ to be the most 
widely distributed among the precious stones,, occurring not only 
in Brazil, but also in New South Wales, in Siberia and various 
other parts of Asia, in Saxony, in Scotland, and at St. Michaers 
Mount, in Cornwall. 

108. The pyrophysalite is found of a greenish- white colour, in 
irregular prisms, imbedded in quartz. The pycnite, formerly con- 
sidered improperly as a variety of the beryl, occurs in thin, pris- 
matic concretions, which are sometimes hexagonal, exhibiting 
either a pale lilac, a sulphur yellow, or a light straw colour. 
These two last mentioned minerals, like Aie topaz, are compounds 
of alumina, silica, and fluoric acid. 


Oxide of 'Titanium and Tltanate^. 

109. Titanium is found in the state of oxide in various parts of 

the world, either in alluvial strata, or imbedded and crystallized. 
Rutile, or rutilite, also called titan schorl, is a brownish-red mine- 
ral, with a semi-metallic lustre, which occurs massive, and in rhom- 
bic tetraedral prisms; it is aiss found in capillary crystals, often 
curved, and crossing each other in all directions. Acicular and ca- 
pillary crystals of rutile have been fouiTd inclosed in rock-crystal, 
ill Brazil and elsewhere. This minettnl appears to consist of per- 
oxide of titanium. Anatasq, or octaedrite, which is found in blue 
or party-coloured long octaedral crystals, at Bourg FOtsans, ge- 
nerally associated with quartz and adularia, is a protoxide of tita- 
nium. ^ ^ 

110. Sphency or titanite^ is a combination of the oxide of tita- 

What is the comi^ition and character of axinite 7 

What two ingredients constitute the chief part of the topaz minerahi 

What is the composition of pyroph 3 ^lite and pycnite ? 

What is the chemical nature of rutilite? — of anatasef 
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ninm with silica and lime, which occurs imbedded in very obliqiiQ 
tetraedral prisms, wnth diedral terminations, wedge-shaped in 
each direction. Among the varieties of this mineral are those call- 
ed brown and yellow menachaii ore, in large crystals, found at 
ArendaU, in Norway ; and pale green crystals, containing chlo- 
rite disseminated through them from Mount St. Gothard. Pyro- 
chj^re, from Fredriks^arn, in Norway, is a compound of titanate 
of lime with titanate of uraiiiuing||Nigrine is of a velvet-black 
« colour, and is found in rounde<j^Rd angular grains, having a 
dbitii^metallic lustre. Iserine v\nd menachaniteliave the appear- 
ance of black sand, slightly magnetic. These three last men- 
tioned minerals appear to consist chiefly of the oxides of titanium 
and iron ; though, accord iqg to Dr. Thomson, tserinc contains also 
a considerable proportion of silica, with some alumina and oxide 
of uranium. Crientonite is a silicate of titanium^ which is found 
in small, black, sli^^mng crystals with anatase. 

« 

Columhic Acid and Cotumbates^ 

111. Tantaliie^ or columbite^ is a mineral of a black colour, 
which crystallizes in oblique rhomboidal prisms, and which is 
very rare, having only been found in North America and in Bava- 
ria. It appears to consist of the oxides of columbium, iron, and 
manganese. YttroiantaKte, found at Ytterby, in Sweden, is com- 
posed of oxide of columbium, vttria, and iron. Among the mine- 
rals which contain the oxide of columbium are also the finbo and 
the brodbo-tantalites of Berzelius. 

Antimonic Oxide cr Acid^ and Antimoniaics^ 

112. Among the oxides of antimony are antimony ochre, a 
str^yi^-coloured mineral, often coating grey antimony, which eva- 
porates before the blowpipe without melting; and white antimony 
which occurs in tetraedral flat crystals, or in tufts of delicate 
fibres, on quartz, galena, &c. Red antimony, found in fine capilla- 
ry crystals, stellated, of a red or tarnished purple colour, is a 
combination of the oxide of this metal with the sulphuret ; und an 
argentiferous variety, of a fibrous texture, and reddish-brown co- 
lour, called tinder ore, is found in the Hartz mines, in Germany. 

T\ingsUUea^ 

ii 

113. Tuf^en is found only in such a state of anion with oxy> 
^n and other bodies, as to eonstitote mineral salts called tung- 

^ What M the composition of sphene f 
*'What coni pound af titanium is found in Switzerland f 
What ingredients enter into the mineral iserine? 

Where is columbite found 7 

What oxides of antimony are found in nature f 

Where is tinder ere obtained 7 
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states ; the compound of this metal with oxygen, as it occurs natu* 
rally, havLni^ the properties of an acid, and, as such, entering into 
couibination with the oxides of certain other metals. 

114. The tungstate of lime («c4ec/en calcaire of Hauy,) 4 tl 80 na- 
namod scheelite or tungsten, and, from its sreat specific gravity, 
heavystone, is %. whitish or yellowish-brown mineral, which^s 
found massive, or cry8taHiz||^n octaedrons, coating other sub- 
stances, in England, France, SRony, Bohemia, and Sweden. Spe- 
cimens of the primitive (octaedral)^ry8tal of this metallic salt ar« 9 ' 
obtained at Allemont, in Datiphine. The tungstate of iron^^and 
manganese called wolfram, occurs in the massive form, or crys- 
tallized in tetraedral tables, variously^inodificd ; hard and brittle, 
of a colour almost black, and a metaflic lustre, but it soon tar- 
nishes ; it abounds in Cornwall, and is generally found in conjunc- 
tion with the ores of tin, in primitive formations. The only other 
native tungstate hitherto discovered, is that of lead, occuring at 
Ziniiwald, in Bohemki, and which was formerly mistaken for a 
molybdate of lead. 

Mulyhdle Acid and Molybdates » 

115. Molyhdena^ like tungsten, forms an acjd with oxygen, and 
mineralizes other metals. 

Ochry Molyhdena, which is found in Sweden and elsewhere, in 
the state of a yellow powder incrusting feldspar, or the native 
sulphuret of molybdena, appears to consist of the acid of this 
metal. Molybdate of lead occurs ma^ive, disseminated, and 
foliated, or in lamellar hexaedral crystals, exbiting various tints 
of yellow. It was first found in Carinthia, and has been since met 
with in Hungary, Austria, Saxony, Mexico, and Massachusetts, 
frequently imbedded in quartz. 


Chromic Acid and Chromates* 

116. Chrome^ or chromium^ is another acidifiablc metal, though 
the chromic acid has not yet been found in a native state. 

Protoxide of chrome has been discovered in the department of 
the Rhone, in France, forming a green incrustation on other 
minerals, and it constitutes the colouring matter of the emerald. 

117. Chromate of lead, or Siberian red lead ore, occurs in the 
gold mines of Beresof, in a kind of micaceous rock, mingled with 

In what state does tungsten occur in nature ? 

What properties does its compound with oxygen possess ? 

By what names is the tungstate of lime known? 

Where is tungstate of iron met with ? • 

What other salt of tungstic acid has been discovered ? 

What is the character of the compound of molybdena and oxygen! 

What is the chemical nature of ochiy molybdena ? 

In what form does molybdate of lead present itself? • 

In what mineral is protoxide of chrome discovered ? 
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particles of quartz and brown ironstone, forming prismatic crystals 
<Kf a deep orange colour, and sometimes accompanied by small 
greeii crystals, which are supposed to be chromte of lead, or a 
compouid of the oxides of chrome and lead.^ Vaoqseltnite, a 
mineral accompanying the red lead ore of Siberia, is a chromate 
of «iead and copper. Ohromate of iron, containing also alumina 
and silica, has been found in FsfljUpy Maiyland, and also in 
.some places in Siberia, massivey^Pin octaedral ciystals, of a 
iSlacl^ or bluish-black colour, u 

Vanadic Acid and Vanadiates^ 

118. Vanadium being ofie of those metals that combine with 
oxygen in different proportions, forming acids as well as oxides, 
it enters into uniont^ith the oxides of other metals. 

This metallic substance was discovered jn 1830, by Sefstrom, 
a Swedish chemist, in a kind of iron ore found at Taberg, in Sino- 
land, but it has not been ascertained in what state the vanadium 
exists in that ore. Shortly after the metal had been observed in 
Sweden, Mr. J. W. F. Johnston, of Edinburgh, found the vana- 
diate of lead in a mineral from* the mines of Warilock Head, in 
which the vanadium constituted the principal electro-negative in- 
gredient, though chlorine, and the arsenic and phosphoric acids 
were likewise present.* There are at least two varieties of the 
Wanlock Head mineral ; the first resembling arseniate of lead, 
occurring in mammillary tufts on the surface of calamine, and 
sometimes passing into the chrystalline form; the other found 
amorphous, or in small foiiiid spots, of a black colour, like oxide 
of manganese, coating the calamine, or dispersed in cavities. Pro- 
fessor Del Rio had previously found the vanadic acid combined 
with^oxide of lead, in brown lead ore, from Zuinpan, in Mexico. 

JBoracid Acid and Borates, 

119. Boraete acid is found existing in nature in the Lipari 

Islands, and likewise in the hot springs of Sasso, in Tuscany, 
whence the term sassoline has been applied to it by some mineral- 
ogists. It occurs likewise in light crusts on substances in the 
neighbourhood of extinct volcanos. ^ 

130. Borax^ called also tincal, is a native borate of soda, found 
in Thibet, Persia, Tuscany, and it is said also in Peru and China. 
Boraeite^ or borate of magnesia, occurs crystallized in cubes, and 

With which of the metals does chromic acid combine ? 

Where in the United States does chromate of iron occur ? 

By whom was vanadium first conclusively shown to be a distinct element! 

fn what ccmibinations was it found by l^fitrdm f 

Wliere have vanadiates of lead been discovered 7 

In what regions is native boracic acid found f 

What chemical compound is native borax ! 


* Report of the British Association for 1832, p. 470. 
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Tarionsly modified, of a li^bt gray colour, opaque or translucent, 
and tbe crystals are found imbedded in gypsum near Kiel in Hoi* 
stein, and at Liineberg in Hanover. Datolite^ a mineral of a pale 
greenishwhite colour, massive or crystallized in cubes, Si^metimes 
modified, is found at Arendahl, in Norway ; whence also is ob- 
tained a globular fibrous variety called Aotryolite: both t^se 
minerals contain boracic aci^y^mbined with silica and lime 

Carbonates, 

121. Carbonate of soda is found in some mineral waters, and 

most abundantly in the lake called bagunilla, in Venezuela, from 
which the salt is procured as an article of commerce. A combi- 
nation of the carbonate and bicarbonate of soda is obtained in large 
quantities in the saline state, from the oasis o^ Gadamis, west of 
Fczzan, in Africa, where it Is called trona. According to an 
analysis made by Mjr. Richard Phillips, it consists of three parts 
of acid and two of seda, and hence he terms it^ sesqui-carbonate 
of soda. • 

122. Strontianite is a rare mineral, of a greenish colour, found 
in radiated masses, and sometimes in acicular bexaedral crystals, 
generally imbedded in earthy barytes, and associated with galena; 
it was first obtained from Strontian, N. B.,«and has since been 
discovered in Saxony, in Peru, and in Pennsylvania. Witherite, 
or carbonate of barytes, occurs in large masses in diverging fibres 
or crystallized in bexaedral prisms and pyramids ; forming some- 
times beautiful groups of double pyramidal crystals, the primitive 
form of which is an obtuse rhomboid. • It has been founo in Lan- 
cashire, and other northern counties of England, and also in 
Shropshire and in Wales. Baryto-calcite, is a compound of the 
earbonates^of barytes and lime, which occurs in Cumberland, and 
was at first supposed to be a variety of carbonate of baryteii^ but 
it differs in crystallization, its primitive form being an oblique 
rhombic prism. 

123. Carbonate of lime. — This division of the carbonates com- 
prehends the multifarious varieties of calcareous spar, mvble, 
chalk, and limestone, many of which are^ much more interesting in 
a geological than in a mineraTogical point of view, and therefore 
will hen? require but a brief notice. • 

124. Arragonite is a mineral of a white colour with a pearly 
lustre, and sometimes with a reddish hue, which occurs in nezae- 
dral crystals, aggregated, grouped, or imbedded in gypsum, also 
arborescent, dendritic, or stalacUtic, and likewise in acicular fibres, 
one variety of which has been called flos ferri, from its resemblance 

What is the composition and form of boracite ? Whence is it found 1 

vi^ere is native earbmate of soda found f 

In what locality does the sesqiii-carbonate ocemr? 

What is the appearance of carbonate of strontia 7 

How does witherite crystallize? ..... 

What classes of familiar substances are among the parbOllatea of lime? 

What is the external appearance of aragonite ? 
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to a delicate white flower. It has been found in Arragon, BohemiSi 
Styria, and France. Some specimens are found to contain three 
or four per cent, of carbonate of strontian.^ 

125. C^careous spar is a carbonate of lime in transparent crys<* 
talsy the primitive form of which is a rhomb, i)assin|r into almost 
innmnerable varieties ; \t8 colour is various, out it generally ex* 
hibus light tints. Among the sub-ymeties may be mentioned the 
dogtooth spar, with double hexaedral pyramids, joined at their 
base, and the short hexaedral prii^atic crystals turned so that the 
lines d£ tho pyramids correspond. This mineral, frequently called 

the Iceland spar, is peculiarly 
interesting, as having furnish* 
ed the means for the discovery 
of the double refraction of 
light. It is found in Iceland, 
in the I|artz mountains of 
Germany, ^iid in Derbyshire, 
where it pftciirs in large crys- 
tals, of a*lopaz-yellow colour; 
and that kind called fontaiiie- 
bleau sandstone, contains a 

considerable admixture of quartz. 

126. Stalactitic linfestone, formed by deposition from the water 
of springs holding carbonate of lime in solution, is of various 
colours, as white, green, and brown, sometimes in the form of 

long tubes, in that of icicles, botryoidal 
masses, and a variety of other figures, one 
of \^!ch is represented in the margin. It is 
frequently found pendant from the roofs, or 
incrustiiig the walls of caverns, as in Derby- 
shire, the Island of Sky, St. Michael’s Cave, 
Gibraltar, in the famous Grotto of Antiparos 
in the Archipelago, and in the Mammoth 
Cave of Kentucky. Satin spar is a fibrous 
variety of carbonate of lime, of a snow-white, 
bluish, or green colour, which has derived 
its name from its peculiar pearly lustre, and 
which is found in Cumberland and in Swe- 
den. 

127. Those limestones which admit of being finely polished, are 
generally termed marbles, of which there are a OTeat many 
varieties. The white granular limestone* or marble of the primitive 
rocks, which is the most highly esteemed, is to be distinguished 
from the secondary limestone by the entire absence of organic re- 

tYknt is ih€f primitive crystalline form of calcareous spar I 

What is thoifbrm oi dogtooth spar! 

What optical phenomenon was originally discovered by means of Ice- 
land spar? 

How is stalactite limestone produced ? 

Whence is the tenfl satin spar derived f 
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mains, by its ^milarly foliated structure, and by its association^ 
with other priinilive substances^ The most valuable kind of 
statuary marble is the Parian, and that of Pentelicus, near 

Athens, of which are formed some of the fines^xisting sculptures 
of antiquify. The marble of CTarrara, in Italy, is also csiebrated 
for its beauty, b^vrng been much e^loyed by sculptors. It is of 
a milk-white hue, and less crystalline than (he marble of Parosc^ 

128. Many of the vartetiq||^f figured and coloured marblea 
are extremely beautiful, deriving their charaeterLstic peculiarities* 
from the admixture of various ibrsfgjk bodies. There is a kin^ of 
marble found in ''Firey, one of the Western Islands of Scotland^ 
of a reddish colour, which eontajns sahlite, and probably 
titamum, imbedded. Crpoliii is a sort^of statuary marble, with 
veins of mica. Brocatella is a breecia limestone, composed of 
fragments of a yellowisli-red and purple colour, cemented by 
similar transparent calcareous spar. Verde Aiftichoand Verde di 
C/orsica, are composechof compact limestone and calcareous spar^ 
with serpentine arid^asbestns; and of a similar nature is the va<» 
rtety called Mona marUle. 

Fk>rentine marble is a grayish compact marble, with ar*i> 
gillaceotis earth, exhibiting designs of landscapes or ruins in 
yellowish-brown tints. Lumachella marble is a compact lime- 
stone, of a brownish-gray colour, in which sjiells are imbedded^ 
iHicniltte, or black marble, containing carbonaceous matter, i» 
used f<jr ornamental architecture ufkI other purposes. Mad re* 
porite, or prismatic luculllte, is so called from its resemblance- 
in structure to madrepores. Swinestone, or fetid limestone, is ai 
variety containing bitumen in various mroportions, whence it de- 
rives a fetid odour. Much of it is fbutid on the banks of the river 
Avon, near Bristol, Kogland ; and there is a seetile variety met 
with ill Dalmatia, said to be about the consistence of soap. 

I.'IO. Ootite, or roestone, is a variety of carbonate of lime,, 
which derives its appellation from its structure and appearance,^ 
being composed of minute globular concretions, of a yellowish- 
brown or straw colour, much used in building, under the names 
of Portland stone and Bath stone. PtsolHe, or peastone, some- 
what resembles the preceding, but consists of larger concretions, 
composed of coneeRtric layers %urroanding grains of sand, formed 
by deposition from- hot springs, as at Carlsbad, in Bohemia, and 
at Tivoli, in Italy. Calcareous tufa is an earthy carbonate of limey 
of a porous, spongy structure, forming casts or ineriistattons by 
deposition from water. Casits of medals have thus been obtainra^ 
by placing them in moulds to receive the spray knpregDated with 
calcareous particles, and incrustations oF a similar nature axe- 

Ifow is primitive distinyiruiBhed from secondary limestone ? 

What localities are celebrated for furnishing the finest marble ? 

What is the nature of veede antique ? • 

What peculiarity does the Florentine marble present? 

What occasions the odcMir of fetid limestone'? 

What is the appearance of Portland stone ? 

How is pisolite formed ? What imposition is practised at certaia Eilp> 
glish mineral springs by means of calcareous doj^its ? 



274 


MINERALOGY. 


obtained from springs at Matlock and at Knaresborough, where 
they are sold as petrifactions. 

131. Chalk varieties, rock milk and agaric mineral, 

are carbonates of^Rte ; and marl is chiefly composed of the same 
substance mixed with argillaceous earth. ^ 

Carbonate of magnesia. — Magnesite, which is carbonate of 
iQdgnesia, generally ^hite and liable, or in fine acicular crystals, 
has thus been found in Piedmont^^nd in Moravia ; likewise at 
Hoboken, in New Jersey, in veins in a serpentine rock, accompa- 
nyinff the native hydrate of .his earth ; and a variety has been 
obtained from the East Indies, which is white, massive, hard, of 
a conchoidal fracture, and translucent at the edges. The carbo- 
nate of magnesia more frequently occurs combined with that of 
lime, as in the dolomite, whi^ is of a snow white colour, and 
granular texture, often containing realgar and pyrites. A variety 
of dolomite, found in Massachusetts, and elsewhere, exhibits a 
considerable degree of flexibility. Rhomb ppar, or bitter spar, is a 
mineral of a yellowish or brown colour, which occurs, imbedded in 
chlorite schist, inHhe Tyrol, at Saltzburg, ap.d in Sweden. Miemite, 
tharandite, and pearl spar, are varieties of magnesian limestone. 

132. Among the carbonates of iron are sparry iron ore, of a 
grayish or yeflo wish- white colour, crystallized, fibrous, massive, 
and boti^oidal; which last variety has been termed sphsero- 
siderite. This carbonate has been found in Cornwall, crystallized 
in hexagonal prisms, but its more usual form is the equiaxial rhomb. 

Carbonate of manganese, is found in globular or botryoid a' forms 
of various shades of rose colour, with sulphuret oi manganese 
and oxide of iron. , 

Calamine, or carbonate of zinc, is found in tabulated crystals, 
generally tetraedral, and in acute rhombs, also compact, botryoidal, 
and in other forms, of various shades of colour, generally either 
gree;r^^ or brown. 

133. Carbonate of lead, or spar^lead 
ore, exhibits considerable variety of form. 
The compact carbonate, of a snow-white 
or cream colour and shining, is commonly 
associated with galena. It is also found 
semi-tranfl^ucent, crystallized in double 
hexagonal pyramids on galena; and it 
obcurs in fibrous or caniciilated crystals, 
sometimes coloured by green carbonate 
of copper. The earthy or pulverulent 
varieties are of a brown or cream co 
lour. 

^What is the nature of marl ? 

‘Willi what other qiirbonate is that of magpiesia ofien associated ? 

What is U.o mineralogical name of etaetic marble ? 

What varieties of magnesia, limestone are enumerated ? 

What is the appearance of carbonate of iron ? — of manganese?— of zinc ? 

In what forms does carbonate of lead occur ? 

What colour has it in powder? 
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134. Carbonate of copper exhibits 
some remarkable varieties, some of 
which have been^Med as pigments 
under the name or mountain blue. 
Among these carbonates are ^he vel- 
vet copper ore, a brilliant light blue 
colour, found only at Oravitza, in Hie 
Bannat, forming a velvet incrustation 
on malachite and brown ironstone. The 
green o^lrbonates include fibrous mala- 
chite, occurring in acicular or fascicular 
and stellated crystals, and also foliated; compact malachite is 
found massive, mammilated, with|ja zoned fracture, or crystallized 
in octaedrons or dodecaedrons, d^ached or imbedded in red cop- 
per ore. This ore, of a beautiful green velvet exterior, is found in 
Berks Co., Pennsylvania. • 

•• 

•^rxnious Acid and Arseniates^ 

135. Arsenious This acid in the native state called also 

arsenic bloom or octaedral oxide of arsenic, has been often con- 
founded with arseniate of lime : it occurs stalactitic, in delicate 
flat crystals or in silky filaments, of a white colour, incrusting 
other minerals. > 

136. Pharmacolite is a combination of arsenious acid and lime, 
found in capillary crystals, which look like little tufls of cotton. 
Arseniate of iron, or pharmacosiderite, is found chiefly in small 
cubic crystals in the tin mines of Cornwall, and in other parts of 
the world. Skorodite, which appears 4o*be a cupreous arseniate 
of iron, is found in minute blue or greenish rhombic crystals, 
generally accompany ino the preceding mineral. There are several 
varieties of ^trseniate of copper, as the octaedral arseniate of a sky- 
blue or emerald-green colour, in flat crystals; the tabulated ftrse- 
niate in flat hexaedral crystals, of an emerald colour; thetriedral 
arseniate, of a blackish or shining blue colour, crystallized in rhom- 
bic prisms, sometimes with diedral summits, and also flat, curved, 
aggregated, and variously modified; and the fibrous arseniate. 

137. The arseniates of cobaij[t, or red cobalt ores, comprise the 
earthy and the radiated varieties, the former of which is a soft, 
friable mineral, of a rose colour, someSimes forming very small 
hotryoidal concretions in the cavities of gray cobalt ; and^ the 
radiated variety consists of delicate acicular cr]fsta1s ; sometimes 
of a stellular figure, fonnd upon other minerals in Cornwall, Scot- 
land, Saxony, Hungary, ana Norway. 

Arseniate of lead occurs, in slender hexagonal crystals, upon 
quartz and steatite, in Saxony, Siberia, and especially in Cori^ 

How does carbonate of copper cryatallize I What is meimt by mal&- 
cliiie ? In what situations does arsenious acid occur in nature 7 

What is the nature of pharmacolite 7 

What arc some of the varieties of arseniate of copper 7 

What Is the colour of the arseniate of cobalt ? Where is it obtained 7 
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wall. There is a reniform arseniate of lead 4n lanvellar coitcretioiiSy 
•of a yellowish colour, found in Siberia. 

P‘ho9phaie8^ 

138. The phosphates of lime include some Taiieties; Apatite 
as a mineral of a grayish or irreen colour, crystallized in hexaedral 
prsms or tables, and variously modified. Some|^ specnmens are 
found of a violet colour ; the green and blue varieties are called 
moroxite, and the pale yellow-tgreen asparagus-stone, and this 
phosphate ts sometimes foun^. of a snow-white colour. Phos- 
phonte^ formeriy supposed to be of the same composition, with 
fluor spar, is a phosphate of lime, generally of a light reddish 
brown or whitish and yeJ[ldw|Bh colour, in distinct concretions^ 
earthy or massive, found in Hxingary and elsewhere. 

139. Phosphate of lead, or pyromo^hite, is found massive, 
crystallized In heUl^edral prisms, dendritic, or earthy and friable, 
•of a green and yellow colour ; and also ia hexagonal prisms and 
acicular crystals, cf a deep orange or brown colour. 

Phosphate of yttria, or phosphyttrite, is a very sc9im mineral, 
Ifirst found in granite, at Lindenas, in Norway; and filhgwurds, 
in similar small quantities, at Ytterby, in Sweden. 

140. Phosphate of iron occurs in rhombic prisms, striated, 
scuminated, and variously modified, of a green colour ; it is also 
sometimes found ot a blue colour, and likewise black. These 
varieties, except the last, have been found in Cornwall ; the 
earthy, blue iron ore, and wood, peat, and clay, impregnated with 
this mineral, have been met with in New Jersey.*' 

Phosphate of manganese, or Iriplite, is a mineral of a shining 
black, or brownish-black colour, which melts before the blowpipe 
into a black enamel. 


Phosphate of copper has been found near Cologne, in Germany, 
of green colour, in small rhomboidal cryst^s. Among the 
varieties of this phosphate may be specified the olive malachite, 
or octaedral phosphate, found at Lebethen, in Hungary; and the 

prismatic varietjjS called pseudo mala- 
chite, from Rheinbreitenbach, where it 
ia found with quartz, sometimes passing 
into caleeJoay. 

141. Phosphate of alumina appears to 
form the basis of several minerals, the 
composition of which, however, has not 
been perfectiv ascertained. Among these 
are the wavellite, formerly called nydrar- 

S ’llite, found in Devonshire, Ireland, 
avaria, Bohemia, Greenland, and Bra- 


Enumersl^ and dbsoribe the native phosphates of lime ? 

What is the number of sides in prismatic phosphate of lead 7 
What variety of colour doos it exhibit 7 What is the form of the ciys- 
tals of phosphate of iron f What is the composition of wavellite 7 

* Soe Morton's Organic Remains, p. Ifi. 



CE1.FSTINE. 


277 


silt forming globular conoretions, or fibrous and radiated groups; 
the klaprothite, called also blue spar, or azu rite ; the oalaite, or 
real turquois, an opaque gem found principaH|||te the province of 
Khorasaq, in Persia, imbedded in a ferniginoSIrgillaceous rock; 
the kakoxene, a rare substance found in Bohemia, in the^ssures 
of argillaceous ironstone, and exhibiting^a crystalline fibrous 
structure, and a yellow colour; and the childrenite, found «t 
Tavistock, in Devonshire. 

142. The phosphate of uranium includes the yellow uranite, or 
uran mica, found in Fiance, in thih, quadrangular crystals^ and 
the green uranite, or chalcolite, in tetiaedral tables, aggregated and 
detached, or elegantly grouped, whic)^ has been obtmnM chiefly 
from Cornwall and from Saxony. 


j^iraiea. 

143. Nitrate of potash, or native saltpetre, is found as an eflSIo- 
rescence, consisting capillary crystals, incrflstiiig chalk and 
limestone rock, at Polo di Molfetta, in Apulia in Italy, near Bur- 
gos in Spain, and elsewhere. In the vicinity of Evreux, in 
France, nitre is collected from the surface of the calcareous soil 
several times in the year ; and it is obtained largely in the same 
manner, for the purposes of commerce, in the East Indies and 
other parts of the world. 

Nitrate of lime is often found combined with that of potash, and 
mav sometimes be observed forming silky efflorescences on old 
wails ; it likewise occurs in some mineral waters. 


Sulphatea. 

144. The sulphates are a numerous class of minerals, including 
many of the soluble salts. Sulphate of soda, or glauber salt, is 
frequently found as an^llffloreBcence, and sometimes in acionlar 
crystals, near mineral springs and salt lakes. Thenardite is a 
hydrous sulphate of soda, found in crystalline crusts at the bot- 
tom of the brin 3 *^ waters at the Salines d’Espartines, in the neigh- 
bourhood of Madrid. Glauberite is a mineral composed of the 
anhydrous sulphates of soda and lime? found imbedded in salt 
and clay in the salt-mines of Villarubia and Aranjuez, in Spain. 
Reussite is a sulphate of soda, combined with sulphate of mag- 
nesia. 

145. Gelestine, or sulphate ot strontian, a mineral of which there 
are several varieties, is found near Bristol, England, in France, the 

Where is calaite found ? 

In what localities has uranite been obtained 7 

What are the two nitrates which occur in a mineral fi>rm 7 

In what forms does the sulphate of soda occur 7 

What is the mineralogical name of sulphate of strontian 7 

2 A 
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Tyrol, Spain, Sicily, and in Pennsylvania. It occurs of a sky- 
blue or gray colour, and sometimes of a white, yellowish-white, 
or brown ; maBsu|s and foliated, in tabulated crystals, in radiated 
fibres, or compac^n hollow balls, with internal crystayiizations. 

146.oSulphate of barytes, or heavy spar, exhibits a considerable 
variety of crystallization, the primitive form being* a right prism 
vith rhombic basesT It forms large wax-like, yellow crystals, 
and is found in Cumberland, at Schemnitz in Hunmry, Clausthal 
in the Hartz, Traversella in Piedmont, and, elsewnere. The ra- 
diated or stellated variety of this 
sulphate includes the Bologna stone 
of Monte Paterno, used in the pre- 
^paration of the Bolognian phos- 
phorus. (See marginal figure.) 
To these may be added the beauti- 
ful variety called chain spar, from 
the Hartz; if le fibrous and the g^nu- 
lar varieties;;^* the prismatic barytes, 
generally of a brown-yellow colour ; 
the compact, called barytic or pon- 
derous marble ; and the fetid or 
hepatic barytes, of a smoke colour, 
which occurs massive and nodular. 

147. Sulphate of lime is found in abundance in France, Spain, 
and other parts of the south of Europe, exhibiting some varieties, 
among which may be specified selenite, or sparry gypsum, in 
hexagonal prisms, or variously modified, sometimes stained of a 

} rellow colour by oxide^of iron ; fibrous gypsum, opaque or trans- 
ucent, of a snow-white hue, with a silky lustre ; granular gyp- 
sum, or alabaster; compact gypsum, white or variegated, and 
with red and white veins, which variety includes the stalagmitic 
gypsum of Guadaloupe. Anhydrous sulphate of liiire, (likewise 
styled anhydrite, cube-spar, and muriacite,) is composed, as its 
name implies, of sulphuric acid and lim^ without water / and it 
is found crystalline, fibrous, granular, MB compact, chiefly of a 
milk-white or bluish colour. Anhydrous sulphate of lime, con- 
taining silica, has been found in Italy, where it is called marmo 
bardiglio di bergamo, and by Coifht Bournon, bardiglione; and a 
variety occurs in the salt-mines of Wieliczka, in Poland, which, 
from the peculiarity of its structure, is termed tripestone. Much 
of the gypsum used in the United States is imported from Nova 
Scotia. ^ 

148. Sulphate of magnesia, or Epsom salt, which is of common 
occurrence in mineral waters, as those of Epsom and Cheltenham, 

In whnt part of tho United States may this mineral be mot with T 
What iSjthe prinfitive form of sulphate of barytes? 

What are some of the varieties in the form and other characters of this 
mineral ? In whet European countries is sulphate of lime found 7 
Whut is the chemical nature of alabaster f 
In .what state isvulphatc of magnesia often detected f 
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is found in capillary or fibrous crystals at Calataynd in Arra^on, 
and in the mines of Idria ; and what is called stalactitic cooalt 
vitriol, from Herren^rund, in Hungary, is m, 9 rely sulphate of 
ni^neBia% tinted red by oxide of cobalt. ^ 

Polyhalite, formerly supposed to be anhydrous sulphate af lime^ 
appears from the analysis of Stromeyer to ctmsist of the sulphates 
of lime, maofnesia and potash, muriate of soaa, and oxide of iro% 
in a state of chemical combination^ though the muriate and oxide 
occur in very small proportions. 

149. Sulphate of zinc is a semiAansparent saline mineral, of 
a grayish or reddish-white colour, which seems to be produced 
from the decomposition of blende, thasuiphuret of this metal. 

Sulphate of iron, copperas, is anotheg product of spontaneous 
decomposition, being derived from martial pyrites, and appearing 
in the massive form, or in stalactitic fibres, yellow scales, or rea 
concretions. * 

Sulphate of cobalt it a soluble saline body, of a pale rose or 
fiesh colour, and of ^ earthy texture, usually in the stalactitic 
form, found in the Harte mines and elsewhere. * 

Sulphate of copper is found in crystals of a fine blue or purple 
colour, but rarely of any considerable size or perfect form. 

Sulphate of lead occurs crystallized in cuneiform octaedrons, 
variously modified or aggregated, imbedded in cellular quartz, 
tinged by oxide of iron. Translucent crystals, of a yellowish- 
gray colour, have been obtained from Parys Mountain, in the Isle 
of Anglesea. 

150. Sulphate of alumina displays some variety of form and 
composition. Native alum is found crystallized, fibrous, and 
in other states, in various places; aluminite, or websterite, is a 
hydrated, subsulphate of alumine, mixed with sulphate of lime, 
resembling pure porcelain earth, found on the coast of Sussex, 
near Newhaven, and at Halle, in the territory of Magdeboar^. 
Alumstone, likewise called aluminite, or alunite, occurring m 
a hill at Tolfa, in the ^^e's dominions, contains potash as well 
as sulphuric acid and dflmina ; and from this mineral is prepared 
Roman alum. Alumstone, in an efflorescent form, is met with in 
some parts of the United States. ' 

Fluorides^ 

151. The fluor mineral8,«formerly regarded as fluates or combi- 
nations of an acid with oxidated bases, have been ascertained to 
consist of the electro-negative body fluorine, united with different 
metals. 

What is its crystalline form f 

What is the composition of polyhaltto I 

How are the sulphates of zinc and iron supposed to be produced? 

How does sulphate of lead ciystallize? 
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Fluor spar, erroneously nain« 
ed fluate of lime, is a fluoride 
of calcium, found in several 

C arts of the world and exhi- 
iting various forms and co« 
lours. It occurs compact, fo« 
listed, crystallized, panular, 
and earthy : from Cnamouny 
are obtained rose-coloured 
crystals ; from Sibef^, a vari- 
ety called chlorophahe, which 
emits a brilliant green light^when heated ; and there is a figured 
variety called fortification^fluor. (See marginal figure.) 

Y ttrocerite, a violet-coloured mineral, found imbedded in quartz, 
at Ytterby, in Sweden, is a combination of the fluorides of cal- 
cium, yttrium, an^ cerium. 



Fhtaie» 

152. Cryolite, is a mineral found in West Gr^nland, which 
derives ito name from its extreme fusibility, melting like ice : it 
appears from the anal vses of Vauquelin and Berzelius, to be a com- 
pound of fluoric acid, alumina, and soda. It is of a colour ap- 
proaching to white, translucent, amorphous, having a foliatra 
fracture, and softer than floor spar. 

Chlorides. 

153. The chlorides are an important class of minerals, the na- 
ture of which, like that of the fluorides, was formerly greatly mis- 
apptohended. 

154. Chloride of sodium, long known to chemists by the appel- 
lation of muriate of soda, is not only foui^ most abundantly inso- 
lation in sea-water, brine springs &c., butttio occurs in vast masses 
in the state of rock-salt, at Cordova in Spain, Wieliczka in Poland, 
in Hungary, Siberia, Africa, and the Andes of South America, and 
on the salt blutfs and prairies west^of the Mississippi. It crystal- 
lizes in cubes ; and amoqg its varieties are the fibrous, red, blue, 
and violet, and the stalactitical rock-salL 

Chloride of ammonium, or rather muriate of ammonia, native 
sal ammoniac is found chiefiy in the viq|j|iity of volcanos- 

What is the true chemical nature of fluor spar ? 

( What combination of substances exist in y ttrocerite ? 

What is tlie peculiarity of cryolite ? 

What is its chenrical nature f 

What name was formerly given by chemists to common salt? 

What is now its chemical designation f 

How extensively does this mineral prevail f 

Where is chloride of ammonium (bund 7 
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155. Among the chlorides of lead are the cotunnite, from Mount 
Vesuvius; the basic muriate of lead, found in the mines of Men* 
dip ; and the rnurio-carbonate of lead, a rare mineral found in 
Derbyshire, crystallized in square prisms terminated by pyramids, 
of a yellow colour. 

Chloride o/ copper, or atacamite, is a mineral which forms beau- 
tiful groups of green crystals, found in CMli and Peru. 

156. Chloride of silver, called corneous silver, or horn silver, 
from its appearance, is found massive and crystallized ; in colour 
and fona^resembling gum arabic ^ or of a pale-yellowish ^een or 
browif^R>tryoidal, Tamellated, earthy, or crystallized in minute 
cubes and octaedrons. 

Chloride of mercury, which has the same homey appearance, 
crystallizes in small square prisms, tbrminated by fiat pyramids, 
and otherwise modified. It is so soft as to be sectile ; and it be- 
comes volatilized before the blowpipe. 

Qfgano-Chemtcai Substances. 

m 

SaUs. ' 

157. Mellate of alumina, called mellite, or honeystone, from 
kts appearance, is found in small amber-co\pured crystals, in beds 
of brown coal, in Thuringia. 

Oxalate of iron, also called humboldtite, was formerly considered 
as resinous iron ore. 


Hesins. 

158. Amber exhibits numerous varieties, arising from various 
causes, and some specimens are extremely curious, from the bodies 
imbedded in them. It occurs in rounded pieces, rough on the 
outside, and within of a yellowish, white, or reddish ccdoui^ and 
is found on the coast of Norfolk in England, Prussia, Mozam- 
bique in Africa, and o^er parts of the world. Some specimens 
were obtained in excsmting the Chesapeake and Delaware canal. 

Fossil copal, or Highgate resin, a substance somewhat resem- 
bling amber, found in making excavations for the road at Highgate. 

Retinite, or retinasphalt, a mineral from Bovey, in Devonshire, 
of a yellow and reddish-brown colour, which burns with a fragrant 
odour. 

Bitumens. 

Varieties — Naphtha, petroleum, elaterite or elastic bitumen, 
and indurated petroleum. 

What is the common designation of chloride of silver 7 

What is the d inference in the crystalline forms between tlijf chloride of 
mercury and that of silver 7 Where is mellate of alumina found 7 

What interesting peculiarity is exhibited by amber? 

What clossificauon of substances arises from their modes of aggregation 7 

2a2 
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Coal, 

160. This substance presents some varieties, more interestingr 
to the geologist than to the mineralogist ; and of these s6me no> 
tices may be found in another part of this volume/ 


See Oiyctology. 


H'orka in the Hepcartmmt of Mineralogy a 

Cleaveland’s Miiferalogy, 2 vols. 8vo. 

Phillips's Mineralogy. 

lire's Dictionary of Chemistry, under the names of the several 
minerals. • 

Hatky Traite de Mineralogie, 4 vols. 8vo., and an Atlas, con* 
taining IdO plates of mineral forms, tables of characters and 
anmlar measures. Though the system of Hauy is now super- 
seded by more moderr arrangements, his work is often found of 
important service in consequence of these numerous valuable il- 
lustrations, which aid the student in determining a mineral by 
its external characters. 

Mob's Treatise on Mineralogy, translated by Haidinger. 3 
▼ols. 12mo. « 

Del Rio's Elementosde Oryctognosia. 1 vol. 8vo. Philad. 1833. 

Allan’s Manual of Mineralogy. 1 vol. 8vo. Edinburgh. 1834. 
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1. Solid ty)die8 appear under a vast varied of fonftSt some 
depending on organization, and oUiers oi^ molecular attraction; 
the latter of which only require to be considered at preseiit. 
These forms or modes of aggregation are either tegular or irregu* 
lar ; ca||uting in the one case gf geometrical solids, variously 
modifi^^and in the other, of arboreous solids, or thosetwhich 
displOT no symmetrical pn^ortions. 

3. Certain figures, arising from melecular attraction, are termed 
Biystals, constituting polyedral solids, terminated by surfaces, 
regular, connected, and often shining with a lustre equal to that 
of a polished gem. Few objects of this kind are more beautiful 
than frozen water, ag it occurs in a state m large snow>flakes 
when examined bjr a microscope ; or as it may be observed in the 
hoar-frost, incrusting with most delicate netugirk our trees and 
hedges, or formed by\be congelation of moisture on the panes of 
windows in a cold winter’s morning.* 

3. Those bodies which are capable of crystallization have been 
observed to affect peculiar forms: thus rock-crystal fluently 
occurs beaurifully transrarent in hezaedraTprisms, terminated by 
six-sided pyramids ; the Derbyshire fluor spar crystallizes in cubes, 
as likewise does common salt ; alum, or sulphate of alnmine, forms 
octaedral crystals ; and sulphate of magnesia tetraedral prisms. 
These forms, however, are liable to modification and diversi^ 
from different causes, as will be subsetfuentiy explained. Fluor 
spar and galena sometimes exhibit octaedral and sometimes cubic 
crystals ; and carbonate of lime appears in such a variety of forms 
that it is difficult to decide which is of the most frequent occur- 
rence. ** Comte de Boumon, in his elaborate treatise on this 
mineral, has enumerated fifty-six modifioations ; which, differently 
combing, furnished him with above six hundred varieties of 
form.”t 

4. Toe figures of crystals may be conveniently observed by 
making solutions of several, salts in water, sufferug mall por- 
tions to crystallize, by evaporation, and tiien examining them 
through a microseope. 


What is meant by the tern emtal t 
How is the process of StystsHiratton best illustiated t 
What important leading fiwn constitntes the bans of this seimee t 
What deviations fiom unifimni^ are observed in crystals of the same 
substance t 

How may the figures of mystals be advantageously studied t 


* Sea Treatise on Meteondagy. 

t Mis. Lowry's Conversatioiis co Mineralogy, 3d edit, vol. ii. p. 36 
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Take a dram of alum, and similar 
Mum. quantities of common or table salt, 

epsom salt, elauber salt, nitre, oi 
any other soluole saline substances ; 
and place them, separately, fti clean 
wine-glasses, or gfaIlipo|s, then poor 
on each parcel rather more than 
enough water to cover it ; and stir- 
ring the liquors frequently, after 
thw have stood half an ^ 

drop of each fml on a strip of clean pifl^lass, 
Commm Salt, and place it in the sun or on the chimney-piece, 

S rotected f|pti the dust, so that the water may ^ 
e drivenFon; and more or less regular crystals 
0 ^"^ will be formed, having a pleasing a[mearance 

v^en viewed through a microscope. The mar- 
^ 0^0 ginal figures will anord some idea of the man- 
^ 9 in which the crystals of the different salts 

% r o above mentioned are grouped and constituted. 

5. The modifications oT form which are ob- ’ 
^ ° served in crystallized bodies are sometimee 

owing to the sudden and consequently irregu- 
Epsom Salt, lar^,aggrreg:ation of the crystalline particles; 

and sometimes the presence of foreign bodies 
may accelerate, interrupt, or very materially 
interfere with the process of crystallization. 
Hence the angles or edges of crystals may be 
truncated or rounded ; and cylinders, spheri- 
cal, lenticular, or agglomerated masses may 
be produced, bearing but a faint resemblance 
to the proper form of the salt. 

6. In oraer to obtain regular, largq and well- 
shaped crystals of any salt, a saturated so- 
Olauber Salt, lution should be made in distilled water. 




and set by in a moderately warm situation, 
where it may remain undisturbed, so that the 
fluid may evaporate slowly; and a gradual 
deposition of ti\p saline particles will then 
take place, yielding symmetrical crystals of a 
larger size than can be produced by any other 
manamment* 

7. The interesting appearance of certain 
crystals and their relstive permanence of 
form, amidst a seeming variety, drew forth some striking observa- 
tions from Dr. Freind, in his lectures on chemistry at Oxford, in 
thf^ century. 

8. ** The* beauty^ variety of the figures of crystals is so 



To what are modificationa of oryatalline forms supposed to be due f 
How are the perfect crystals of a salt to be obtained f 
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Udmlrable, that there is scarcely thing in nature which can 
entertain the eye more agreeably. These figures are sometimes 
seen by the naked eye« but by the help of microscopes are dis- 
cerned Auch better. In common salt we plainly discoYer quadri- 
lateral pyramids* with square bases ; in sugar, the same^yramids, 
with oblong and rectangular bases. The 
crystals of vitriols^ery much resembl^ci- 
cles, united one to another with great va- 
riety; among which lie some polygons, 
as may ciiscoyered by the nal^d eye. 
Sal ammoniac very elegantly imitates the 
branches of a tree ; and salt of hartshorn 
(carbonau4|§f^ ammonia) looks like a qui- 
ver of arrows.*’ Glauber’s sal mirabilis, 
which is made of common salt and vi- 
triol, (sulphate of soda,) exhibits the fi|^re of both salts. 
Nitre appears in certain prismatical columns, not much un- 
like bundles of sticks; among which there are interspersed 
some rhomboids* and some pentagons, whfbh seem to come 
very near those of common salt. Hence Lemery has Justly 
remarked, that nitre could not be purified by any art olr contrivance 
whatever ; but something of a sal gem, ot fossil salt, would stick 
to it. But salt of tin outdoes all for bearaty, in which are lines 
like little needles, which spread themselves every where from a 
point, as from a centre, so as to represent n star, much like what 
we see in the regains of Mars, (metallic iron.)”f 

9. Dr. Freind proceeds to remark, that it is a circumstance very 
peculiar in these salts, that let them be^ever so divided, and re- 
duced into minute particles, yet when they are formed into crys- 
tals, they each of them reassume their proper shape ; so that one 
might as easily divest and deprive them of their saltness as of 
their figure.” The intimate relation between crystalline foijpa and 
chemical composition, which attracted the attention of this inge- 
nious writer, has been extensively investigated by more recent 
inquirers. 

10. Among the facts which have been disclos^ inconsequence 
of their researches, one of the most singular and important is, that 
bodies, both simple and compound, which are capable of ciystal- 
lization, appear to form groups characterized by similarity of 
structure ; so that one group may include several substances, all 
crystallizing in similar square prisms, another group consists of 

What obBervatiouB on crrotalline fiirms were made by Dr. Freind f 

What did Lemery remark in respect to nitre ? 

What important tacts in regard to similarity of structure have been dis- 
closed by modem mineralogists f 


* Nitre sometimes consists partly of nitrate whiclP foma rhom- 

boidal ciystala; but nitrate of potash, when quite pore, crystallizes in 
hezaedral prisms, generally with diedral summits, 
t Chymical Lectures, by John Freind. M.D., 1712. pp. 144—146. , 
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bodies forming similar octaedral crystals, and Tarions others, tho 
members of 'which respectively are distinguished by peculiar 
figures. As an example of such a group of minerals may be men- 
tioned calc spar, (Iceland crystal,) bitter spar, carbonate of mag- 
nesia andsiron, carbonate of iron, manganese spar, zinc spar, and 
magnesia spar, all crystallizing in rhomboedrons. The discovery 
ofi4£is disposition among mineral bodies differently constituted to 
assume a common form, led to the assumption of the doctrine 
of isomorphism, already alluded to in the Treatise on Chemistry.* 
The law of isomorphism, as anitt^junced by Mitscherlich,ijj||Pytts ut- 
most generality is as follows ; **The same number of atoms com- 
bined in the same way produces the same crystalline form ; and 
the same crystalline form is^Hplependent of the chemical nature 
of the atoms, and is determine only by their number and relative 
position.**! 

11. A few observations may be added to explain in some de- 
gree the general principle on which depends the association of 
isomorphic substances. An examination of the group of rhom- 
boedral minerals ml^ntioned above, will demodhtrate amidst diver- 
sity of composition a similarity of atomic constitution. All those 
bodies of which crystallized carbonate of lime, or calc spar, may 
be regarded as the isomorphic type, appear to correspond in the 
number of their atoms, with that body : thus, 

Calc spar consists of 1 carb. acid + 1 lime 
Bitter spar / . * • I carb. acid+ 1 lime-(- 1 carb. acid + I 

magnesia. 

Carbonate of magnesia ai|d iron consists of 1 carb. acid -f- 1 mag- 
nesia + 1 carb. acid+ ^ oxide of iron. 

Carbonate of iron 1 carb. acid -f- 1 oxide 

of iron. 

Mange nese spar «•••••• 1 carb. acid-|-l oxide 

of manganese. 

Zinc spar •••••••••• 1 carb. acid + 1 oxide 

01 zinc. 

Magnesia spar 1 carb. acid -f- 1 mag- 

nesia. 

12. In all the simple carbonates of the preceding group, one 
atom of carbonic acid is com bined with one atom of a metallic pro- 
toxide ; and in the compound carbonates the atomic quantities are 

What examples can be given of minerals thus resembling each other in 
Ibrm though difiering in constitution? 

What law of isomorphism is applicable to these cases? 
hlustrate tliis in the case of mineral carbonates. 


* See p. 123, note. 

t Rep. of Brit. Assoc, ibf 1832, p. 422. For a list of isomorphic bodies 
by Prof. Miller, see the some volume. 
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are doubled. The same correspondence of atomic constitution 
seems to prevail in groups of more complicated chemical combi- 
nations: thus tremolite and anthophyllite are double silicates, 
the co|j|iposition of which is as follows: 

Tremolite consists of 1 lime+ 1 silica + 3 magnesia 4* 2 silica. 
Anthophyllite . • 1 oxide of iron + f silica + 3 magnesi 8 ! 4 p|- 2 
silica. 

13 . Hence it appears that tl|p only difference between these 

bodies consists in the former containing one atom of limjS, (pro- 
toxide of calcium,^ and the latter one atom of protoxide of iron ; and 
they both crystallize in oblique naLms* In numerous other cases 
it has been found, that one or acid, having the same 

atomic constitution with another oxide or acid, may replace it, 
or be substituted for it in the composition o^minerals, giving rise 
to similar crystalline forms ; and thus groups are produced, each 
composed of two oi^ore bodies corresponding in the numbers of 
their atoms, and if crystalline form. 

14 . There is an kiferior degree of analogjr of form observable 
among minerals, which probably arises, as in the cases already 
noticed, from the atomic constitution of bodies. Certain crystal- 
line compounds are found to differ among themselves merelv in 
the angular measurements of their crystals. Thus sulphate of ba- 
rytes, sulphate of lead, carbonate of lead, and some others, formi 
right rhombic prisms ; but the obtuse angles of the rhombic prism 
of sulphate of barytes measure 101 ^ 42'; those of sulphate of 
lead 103 ^ 42 '; and those of carbonate of lead 117 ^ 18 '.* Hence 
groups of bodies thus related are saU to be plestomarphaua ;f and 
the term fiomoiomorphousj^ has been adopted to distinguish groups 
of crystalline substances differing more widely in their anpes. 

15 . It has also been remarked, that while differently constituted 
compountls may agree in crystalline form, there are bodits, both 
simple and compound, which are capable of existing under two 
forms, which are incompatible or not derivable from one common 


How is the composition of compound carbonates seen to be analogous to 
that of simple ones ? 

How is trensHite shown to be isomorphic with anthophyllite ? 

What substitution of an ingredient is often found consistent with the 
preservation of a crystalline form ? * 

In what circumstances are crystals, otherwise similar, found to vary from 
each other ? 

What is the measure of the obtuse angles of sulphate of barytes ?— of 
lead ? What of the carbonate of lead ? 

What term expresses the relation of crystals of which the angles are 
nearly the same I 

What terra applies to those which having forms generally alike difier 
greatly in the angles t 


* Report of the British Association for 1832, p. 428. 
t From the Greek TlXritrlos, nearly dike, and ^op^htfomu 
I From the Greek ^Opoto^, similar and Vlop^^, 
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fMOQu Satphur is foRttd erystalUsed in oetaedrons with rhombie 
hisili, and also in rhambic prisms. Pure carbon occurs in naturb 
h^^statest constitoting ttie diamond and graphite; the former 
exhibilingregular octaOdm crystals, and the latter crrstalKzing in 
hezaedraTplates, striated parallel to some of their sides, pulphur 
and carbon thus displar a duplicity of form, a property in tiiese 
and’bther bodies denoted bv the term ^morpkUm.* 

16 . The phenomena of plesiomor^hism, homoiomorphism, and 
dimorphism, which have all an f^bvions relation to isomorphism, 
indicate the necessity of further researches to elucidate the nature 
and causes of these appearances, which may probably lead to 
Tory carious and interesting d|j|||yeries. 

17 . The modifications anJMKming anomalies of form which 
often occur in crystallized bodies take place under certain laws; 
the deviation from t^e usual figure of tne crystal depending on 
addition or anbtracdon of parts necessary to make up the regular 
solid, or primary form of a mineral, in anyjpven ease. That the 
varieties of form isL crystals of the same minetRl may be refermd 
to truncations of an invariable primary nucTens, was an opinion 
that appears to have been started by the French mineralogist, 
Rome de Lisle; the idea also occured to Gahn, professor of 
mineralogy at Upsal, who having broken a piece of the dogtooth 
ealeareous spar, observed that it was throughout composed of 

*Thomboldsl crystals ; atid hence Professor Bergmann was led to 
conjecture that in all crystallized bodies there must exmt a 
primary nucleus. 

18 . The inquiry was then taken op by the Abbe Haiiy, who is 
said to have had his attendoA drawn to it by an accident in itself 
somewhat awkward and perplexing. A person of fortune who 
had collected a cabinet of minerals as expensive curiosities, was 
showing them to M. HsOy ; and, handinjg to him one very beau- 
tiful oi^Jstalline specimen that he minht msp^t it more readily, 
the stone slipped from the hand of the visiter, and falling on 
m marble pavement, was split in several pieces, which the owner 
regarding as worthless, while courteously accepting the apologies 
of the chagrined philosopher, ordered a servant to take up and 
throw away. M. Haiiy struck with the briUiance|f|f the smooth 
surfaces of the fractured parts begged to be allowed to inspect 
them, and took them home tc examine the structure of the mineral 
more at leisure. He found that it was susceptible of cleavage 
only in particular directions, and to a certain extent ; and having 
made corresponding observations on other crystallized substances, 
he was at length enabled to reduce to a re^ar system the laws 

Tb what n the term dimorphiam applied ? 

B" whom wiia the ideMf primitive crystalline forma first advanced f 

What circuit etance 1b xRf to have led Haiiy to the inveBtigation of 
primitive nuclei ? 

On what plan did he proceed to form hie s3rBtem of mineralogy I 
7rom tlie Grcfhk ACr, fvtrv, (in comp, v omitted.) and MopAS. 
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No. 3. 


of crystallizaUon, witlf reference to the manner in which crystals 
are deduced in their several varieties from a primitive nucleus. 

19. The relations between the different modincations of form in 
a mineral may be exemplified by taking a crystal of the fluor spat 
in one of .^he simplest of its natural forms, die oubey exhibited in 
No. ]. margin. Now it will be found on trial^at the 

A. colid angles. A, B, C, D, may all be removed 

^ knife with proper pressure, and thus die eifflft 
I I angles may be replaced by brilliant, fiat, triangular 

[ Jo surfaces, as in die ngxt marginal figure. No. 2. The 

solid will then consist of fourteen sides instesd of 
No. 2. six ; and each of the triangular sides may be enlarged at 

© the expense of the sides, by continuing the 

cleavage of increasing MMgular planes, so as to form 
the succeeding figure. No. 3. 

20. At length, pursuing the separation of the crystal . 
strata in the same direction, will be produced the re- 
maining fibres. Nos. 4 and 5, in the last of which no 
part of thfe original cube remains, egery angle having 
been cut adray so as to form eight new faces, consti- 
I tuting an octaedron, which is the primary form of the 
I fiuor spar. 

21. A crystal of common salt, exhibiting the same 
cubic form with the fluor spar, differc from it io structure, 
for its angles cannot be separated so as to leave a smooth 
I surface ; and the crystal will admit of cleavage or sub- 
division only in layers parallel to either or all its sides ; 
No. 6 . 60 that a large cube can be separated into a number of 
small ones, but not reduced b;^ edeavage to any other form ; 
hence the cube is the primidve form or nucleus of the 
crystal of common or sea salt. In the same manner, pon- 
derous spar, or sulphate of barytes, can be divided with regu- 
larity only so as to form right rhombic prisms ; and selenitef sul- 
phate of lime, into right prisms : these therefore are the nuclei, 
or primitive forms of their respective crystals. 

22* As the primitive nuclei of crystals may be developed by 
dissection, so it may be ingeniously shown how the varieties of 
crystals may be derived uogi the superposition of lamina on 
parallel surfaces, diminishing regularlv in extent, so as at 
length to form the summit of a solid angle, or the edge of a line 
joining two angles. It is in this manner that HaUy, attributing to 
every crystallizable substance a primitive or simple form, ascer- 
tained by division as before stated, or else inferred from a compari- 



In what manner may the cube of fiuor spar be first varied by cleavage ? 
To what form will it be ultimately brought ? ^ ^ 

How does the crystal of chloride of sodium difibr fimn that of fiuori^ 
of calcium in regaid to the cleavage of its angles -l^ • ^ 

To what primitive form is the crystal of ponderous spar capable of being 
reduced ? To whom is the doctrine of increments and decrements in crys- 
tals to be ascribed ? _ 

B 
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ton with others Already known, proceeds to derive, from Us doc- 
trine of increments and decrements, the various secondary forms 
that may be observed in different specimens of any riven mineral. 

23. According to the ^stem of Hatiy, all crysUds are derived 
from fiv# or six primitive forms. These are, (1.) the paraHelopiped, 
including the Cube, rhomboid, and all their varieties; (2.) the 
tstraedroii; (3.) the %ctaedron ; (4.1 the hexaedfal prism; (5.) 
the rhomboidal dodecaedron ; to which may be added, (6.) the 
dodecaedron, with isosceles triangular faces. 

24. All solids having sixmides, whose respective bounding 
liiieif taken in pairs are parallef with each other, and the opposite 
sides also ecmat and parallel, forming so many parallelograms, are 
termed parallC^^meljlis. MHt ^n arrangement of surmces must 
obviously admit of some Vmety; and thus it may be perceived 
that the paraHelopiped will include the cube, the square prism, the 
rhomboid, the ri^nt rhombic prism, and the oblique rhombic 
prism. 

~ T l 25. The euhe^ as appears in ^the margin, has six 
~ I I square Sides, all equal, like comm^oii dice ; its proportions 
M being invariable. 

0 26. When a body is terminated by four equal oblong 

parallelograms laterally, and two square parallelograms at 
the ends, it iS^*called a aquare prism. 


0 27. The rhomboid has its opposite sides equal and 
parallel, but none of them are square, each having two 
obtuse and acute angles, instead of four right an- 
gles, like the cube. 


28. There are many varieties of rhomboids characterized by 
the relative diversities of their corresponding angles ; some 
rhomboids differing so little from the perfect cube that 
their real nature can only be ascertainea by the measure^ 
ment of their angles, others bearing but a very distant 
resemblance to it, as in the marginal figure, represeating 
a very oblique rhomboid. 

39. The ri^ht rhombic pfiam bears the same relation to 
the square pnsm that the rhomboid does to the cube. In 
the square prism the angles are all equal, and are right 
angles ; but in the right rhombic prism the sides or lateral 
planes meet alternately at angles greater or less than 90 
degrees ; but the terminal planes, or^'those at the extremities of 
the prism, form by their junction right angles. 


To how many and what simple forms did Haiiy reduce all crystals f 
What is a parallelepiped ? 

How mSVfy varieties does if admit? 

How does the rhomboid differ from the cube? 

What is an oblique rhomboid ? 

How IS I he riehjc rhombic prism formed f 
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30. The ohliqut rhombic prism differs from the preceding 
figure in the position of its terminal planes, which do not 
form right angles with the lateral planes, but are placed 
obliquely, so that the terminal and lateral planer meet at 
obtqse and acute angles alternately. 

31. The tetraedron is the simplest of all remlar figuifh 
having plane surfaces. It is a solid, included within four 
triangular planes, equal and similar, each of the three 
sides being of the same ^mensions. 

Some notice has been already taken of the octaedron, a9 the 
figure produced by the truncation o^ t he solid angles of a cube. 
There are varieties, however, of thMRgure, arising from those of 
the eight planes, by which it is terminated. 

32. The regular octaednm has all iljg planes equal and 
similar triangles, each of their three sides being of the 
same length.* All lines drawn through its centre from 
either angle ^o that opposite to it will ^ of equal length, 

or in other words it has three equal axes. This, however, is not 
the case with all octaedrons, some having one axis longer and 
some shorter than the other two. 

33. The obtuse octaedron differs from the former in 
having the line which forms the base of its triangular 
sides longer than those which .meet at the apex, so 
that what may be termed its principal axis is shorter 
than its other axes. 

A 34. The acute octaedron will be perceived at once to be 
exactly the reverse of the foregoing, its base line being 
// \ shorter than those which form the apex, and its principal 
\ r 7 axis longer than the others. 'Fhese forms will obviously ad- 
W mit of several modifications, the nature of which may be 
^ coinpi^hended without difficulty from what has been allbady 
stated. 

35. The hexaedral prism derives its ifame from the 
{number of its sides, which are similar parallelograms, 
Jnot square, but oblong. They are six in number, and are 
^called lateral planes, ^nd as they meet the terminal planes, 

the latter are hexaedral and hexagonal ; that is, they have six edges 
and six angles. The terminal planes ai^ parallel with each other. 

36. The rhomboidul dodecaedron^ as its name implies, 
has twelve sides. These are all of similar form, each 

^plane being a rhomb, of which the folir bounding lines 
are of the same length, and the opposite lines are parallel, 
forming two acute and two obtuse angles in eacn plane. 





How is the ohlique rhombic prism formed ? 

What peculiar character does the tetraedron possess compared with other 
figures 1 What is a regular octaedron ? — an obtuse octaedrocfif 
How does the acute differ from the two other forms of octaedron T 
How many sorts of planes belong to prisms ? 

What are the plane figures constituting the bases of hexaedral prisms ? 
What is the plane figure of each side in the rhomboiaal dodecaadfcn ? 
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This figure is susceptible of numerous modifications, by the trunca- 
tion of edges or angles. 

37. The dodccaedron with isofcelea triangular faces is a 
figure having twelve equal triangular sides, differing 
from the octaedron in the number of its sides^ and like 
that figure, Admitting of modifications, according to the 
length of its principal axis. 

38. The connexion of one form with another, or the 
transition from one to another, has been exemplified in the deduc- 
tion of the octaedron from the cubic crystal of fiuor spar. (See 
p. 28&.) The following figures will serve in like manner to show 
what modifications are prodded by the truncation of the angles 
and edges of an octaedron ! 

A B C 

4 ) 

39. In fig. A, the angles only of the octaedron are truncated, in 
fig. B, the edges only, and in fig. C, both the angles and the edges. 
If we suppose the division of an octaedral crystal to be continued 
in the direction of the planes formed by the truncation of the 
edges, fig. B, in which the triangular planes of the truncated 
octaedron are separated^ from each other by narrow hexangular 
planes, a modification w'lll* be produced, exhibiting an increase of 
the hexangular planes, and reuuction of the triangular ones, each 
however retaining its characteristic shape. 

40| By pursuing the division in the same direction,^the original 
planes may be entirely removed, the triangular faces disappearing, 
and the hexangular ones being changed intorhomboedral surfaces. 
Such a series of modifications may be observed in the fiuor spar, 
and more commonly in the red oxide of copper, serving to show 
how the rhomboedral dodccaedron may result from the replace- 
ment of the edges of the octaedi^n. D^it in neither of these 
minerals can the rhomboedral dodecaedron be obtained by cleavage 
from the truncated octaedrfin ; for the laminae of the crystal of fiuor, 
or red oxide of copper, admit of separation only in directions 
parallel with the planes of the octaedron, that being the primitivo 
form or nucleus of the crystals of the mineral in question. 

41 . In this transition from one form to another in the construction 
of crystals, it seems as if nature in the generation of each crystal 
tfdsumed a^central nucleus regular and constant in each species 

Ip what tfiVee modes may the simple octaedron be varied by truncation t 

To what ibrm would continued cleavage along the edges only eventu- 
ally lead ? 

in what minerals do we find a tbrm similar to what this process would 
i;>roduGe? 
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respectively, and on the several faces of that nucleus applied suc- 
cessive laminae, all parallel and similar to each other, but diminish- 
ingr regularly in extent, so as at length to terminate in a point 
forming the summit of a solid angle, or in a line forming the edge 
of the neiy crystal. 

42. Thus from a cubic nucleus, the formation of a rhomboid al 
dodecaedron iftay be supposed to take plhce, by the addition^f 
successive laminae on each face of the cube, which having a height 
denoted by 1, decrease gradually on their borders by a quantity 
also denoted by 1. So likewise a solid of twenty-four faces may 
be conceived to be formed from a cube by the application of 
laminae, the thickness of which is denoted by 1, and the successive 
lateral decrements by 2, by 3, or aqV higher number, according as 
the pyramid is more or less elevated Ar depressed. 

43. An octaedron may in like manner be formed from a cubic 
nucleus by the successive application of latiAnse having angular 
decrements ; and by^irregular, intermediate, or combined decre- 
ments, a vast variety of secondary forms may be produced from a 
very limited number pf primitive nuclei. Hem^ in general, when 
the form of the nucleus of a mineral has been ascertained, nothing 
is more easy than to determine in what manner laminae must be 
applied, and the law according to which they ought to decrease, 
in order to produce any given form of a crystal, the angles of 
which have been previously measured. ^ 

44. But however ingenious this method of accounting for the 
diversity of crystals of the same substance may appear, and im- 
portant as were the discoveries of the learned author, it must be 
admitted that it can only be regarded as an hypothesis which may 
assist us in our researches. Indeed if is not probable that nature 
should commence by the formation of the primitive crystal, in order 
to apply to it decremental laminee. The bare inspection of crystals, 
which ara often exceedingly small, and yet highly complicated, 
appears, on the contrary, to announce that all the forms have been 
produced by a single effort, (produitea d'un aeuljetg) while on the 
other hand, it may be observed that the large^ crystals are only 
regular assemblages of very small ones, often similar to the large 
crystals which they form, and sometimes different from them.’^* 

45. These observations pibve clearly, that, in general, crystoUi- 
zation does not take place in nature according to the supposition 
adopted in the theory which has been*gpven, but that the different 
crystals result rather from the sudden arrangement of the regular 
molecules among themselves, in the act of spontaneous solidificar 
tion. For in studying the ^manner in which certain particles inii- 

How may a rhomboidal dodecaedron be conceived to result from a cubic 
nucleus ? • . 

How may the solid of twenty-four laces be derivep from the same OHgi- 
nalfbrral . • 

To what objection is the theory of Haiiy shown to be liable 7 

* Beudant Trait^ Element, de Physique. p> 85. 

2b2 
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Bitely [indefinitely] minute, of a determinate form, may combine 
together, according to the number and^ the position of their faces, 
•we may be led to conclude that the different polyedral figures to 
which they give rise depend on the number in which thOT are at- 
tracted together at the moment of crystallization# Thus, for 
example, it may be comprehended that cubic partycles can only 
foftn complete cubes in those cases in* which these molecules unite 
together in cubic numbers, as 8, 27, 64,^ 125, &c. ^ 

46. With a little attention, we perceive, likewise, that regul^ 
octaedrons can only be formed v^.en cubic molecules combine in 
one of the numbers of the series 7, 25, 63, 129, &c. Further, 
dodccaedrons with rhombic [|^anes will be prod need when the 
molecules are attracted toge^er, in one of the numbers of the series 
33, 185, 555, &c.”* 

47. These speculations might be pursued further, and it might be 
shown how other forms might be derived from cubic particles ; but 
some figures would require for their productisn very extensive and 
complicated series pf numbers of molecules ; apd hence this theory 
is objectionable, as wanting that simplicity usually observable in 
the laws of nature. There is more probability in the hypothesis 
ingeniously proposed by Dr. Wollaston, who considered the 
primitive particles as spheres, which, by mutual attraction, assume 
that arrangement which brings them as near as possible to each 
other. 

48. When a number of similar balls are pressed together in the 
same plane, they form an equilateral triangle ; and if, when thus 
arranged, they were cemented together, and the mass afterwards 
broken asunder, the lines. ir\,vrhich separation would most readily 
take place, would form with each other angles of 60 degrees. A 
single ball placed any where upon such a stratum would touch 
three of the lower balls, and planes parallel to the sides of the 
figurewthus formed would include a regular tetraedron. ' A square 
of four balls, with a single ball on the centre of each surface would 
constitute an octaedron ; and on applying two other balls at op- 
posite sides of the octaedron, the group would represent an acute 
rhomboid. The construction of the numerous varieties of figures 
which occur among ci^stals might be readily explained, by ad- 
mitting the existence of oblate and oblong spheroidal molecules, 
as well as those of a globujar figure.f 

49. Crystals may not only differ one from another, as a rhombic 
prism from an octaedron or a dodecaedron, but one rhombic prism 
may differ from another; for, since the rhomb is characterized by 
having one of its adjacent angles smaller than a right angle and 

To what circumstance may we attribute the different fbrma of cr 3 r 8 tals 
siipiiosiiiff the ultimate particles all alike T 

Wliaf hypothesis did Dr. VVollastoii propose for the solution of the ques- 
tion respectiiig crystalline forms t 


* Beiidant Traitd Element de Physique, p. 86. 
t Brando's Manual of Chemistry. 3d ed., vol. i. p. 16. 
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the other larger, it must be manifest that the one may consist of 
almost any number of degrees less than 90, and the other of any 
number below 180, which sum, however, must be the amount of 
the two angles taken together. For the four angles of the crystal 
collectively, will be equal to four right angles, i. e., 90 >^4 = 360, 
or the number of degrees of a circle by whi^h angles are measured. 

50, Thus the primitive formof carbonate of lime, calcareous spiff*, 
is a rhomboid whose faces are inclined at angles of 105^ and 74^ 
5% both together making 180^. Tourmaline has for its primitive 
crystal an obtuse rhomboid, the aSgle of which is 113^ 10% and in 
like manner other minerals haye their peculiar and constant forms, 
the precise nature of which can alonq^ in many cases, be ascertained 
by measuring the angles of the crystal.* 

51, Instruments for this purpose, called goniometers, are chiefly 
of two kinds, the common and the reflective goniometer. The flrst 
and simplest of these instruments consists ot a protractor, or semi- 
circular scale, graduated from 0 to 180, with a small pair of com- 
passes applied to it^destined to receive the crystal whose angles 
are to be measured. • 

52. One arm of the com- 
passes, F G, in the annexed 
figure, forms the diameter of 
the senr^circular arc, and the 
other arm, A B, the radius 
of that are, and this last being 
moveable on the pivot m, the 
two arms may be made to 
fqjrn^ any given angle with 
each other. The transverse 
arm is grooved or slit from n 
to r, except at where there 

is a little cross pie^e to 
strengthen it. By means of 
this ^it, and the two pins m 
and n, this arm maybe slid across the diameter of the arc, passing 

How may crysUtla having a general resemblance be (bund to difibr? 

What is the primitivo form of enrbonate of lime ?-— of the tourmaline ? 

By what instruments are the angles of crystals measured ? 

what is the ordinary form of the goniometer f 

Who first discovered the constancy of angles in crystals ? (Soe note.) 

Describo the common goniometer I 

* Romd de Vlsle first called tiie attention of mineralogists to the remark- 
able fact, ** that notwithstanding the irregular and changeable enlarge- 

ments of certain faces, and the indistinct formation of the edges between 
those faces, the angle at which they meet always remains constant. Tins 
peculiarity affords one of the most distinctive characters wh;ch miner^s 
possess; one by which the mineralogist is frequentl)^ led immediate^ *to 
the determination of a species, and which, therefore, it is evraenily of ex- 
treme importance he should ascertain with precision.** — Mantud Mine* 
ralogy^ comprehending the more Recent DiacomerieM in the Mineral Kingdom. 
By Robert Allan, F.R.S.E., M.G.S. 1834. p. 16. 
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through the points zero and 180®. The pin m passes through a 
brass knob behind the arm F C!* which is attached to the semi* 
circle at N, and by the bar O. 'I'he arm A B has a groove from 
C to B, by means of which, when necessary, that arm may be 
shortened^ by sliding it upwards. , 

53. In order to use this instrument, it is merely requisite to 
p!ace the crystal to be^tneasured between the compasses, the arms 
of which being brought in exact contact with the planes forming 
the angle required, and the arm A B applied to the protractor, the 
value of the angle may be read pff at the fiducial edge z a, 

54. ' Though this instrument is serviceable to ascertain to a given 

extent the angles of crystals, it is far inferior in accuracy to the 
reflective goniometer, invented by Dr. Wollaston, the use of which, 
however, requires more ski^l ana ettention in the experimenter. 
For an account of the latter, and of the method of employing it, 
we must refer the ^tender to the works of those who have treated 
the subject of crystal lometry more fully than is consistent with 
the limits to which we are confined.* , 

55. Among the latest and most important jitiprovements in crys- 
tal lographical mineralogy, is the introduction of crystallometrical 
systems : as the tesseral ; the tetragonal, or scjuare pyramid of 
Mohs ; the rhombic, or oblong pyramidal, or prismatic of Mohs ; 
the rhomboedral of, Mohs, or hexagonal of Naumann ; and 
the nioiioklinoedra1,^diklinoedral, and triklinoedral of the last 
mentioned writer. Some notion may perhaps be formed of the 
nature of these distinctions from the ft)llowiiig representation : 

55. If we conceive a square steeple with all the four sides of 
the walls and roof exactly alike, so that every slope and face which 
occurs on one side occurs similarly on the other three, we have 
before us a form belonging to the square pyramidal system. If, in- 
stead of this, we imagine a house of which the two ends are like 
each|| 9 ther, and the two sides also precisely like 'each other, but 
different from the former, this will belong to the oblong prismatic 
or rhombic system. If again we conceive a triangular pillar, as an 
ancient tripod, its three sides being similarly cut and ornamented, 
this will belong to the rhomboedral system. f In fact, its three 
faces may be terminated by slopes, which may meet and form an 
apex, resembling in all respects thefapex of a rhomboedron. And 
if each of its three faces be formed into an edge, by planes sloping 
to the right and left^ the form may be thus converted into a six- 
sided pillar with no loss of its regularity. 

On what principle does ihe goniometer bf Wollaston operate t 

What constitutes the latest improvement in crystallography ? 

Illustrate the views of Naurannn on this subject? 

A description of Dr. WuUnston's goniometer, with the mode of using 
itf illustrated by a djagrum. will be found in Brande’s Manuel of Chemis- 
try, \ol. i. 10 — 1 j ; or in Mrs. Lowry's Conversations on Mineraloirv. 
2d ed.. vol. 1 . np. 71—75. 

t The rhomooedral and rhomoic systems are quite distinct. A rhombic 
prism has iu base a^rhomb; a rhomboedron has all Ua aidea equal rhombs. 
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57. If we conceive the form of the house of which we spoke^ 
as representing* the prismatic system, to be made less regular, by 
sloping its end walls in the direction of one end, we have the 
monoklinoedral system, and if the side walls slope also^we may 
have thus the diklinoedral and triklinoedral forms* 

**The tesseral or tessular s^'stem incl#des the forms whic^ 
are derived frcftn the regular solids of geometry, the cube, the 
octaedron, the dodecaedron. 

58. This distinction of different kinds of forms is one founded 
on the most general relation of their parts, and regulated by the 
degree and kind of their symmetry. I’he claim of priority in in- 
troducing this classification of fornis*haa been a subject of contro- 
versy between Prof. Mohs and PrcC Weiss. However this 
question may be decided, the merit of this valuable simplification 
rests between them ; and all must allow the pCr>priety with which 
Prof. Naumann, of Freiberg, the author of the best recent system 
of crystallography, has dedicated his work to Mohs and Weiss^ the 
Corypfuci of GermanHjrystallographers^*^^ 

Explain the terms monoklinoedral and diklinoedral? 

To what tw*u philosophen are we indebted ibr the introduction of the 
cryAtallometrical systems 7 

* Report of Brit. Assoc. 1832, pjp. 328, 329. For a further explanation 
of the crystallographic system of Prof. Mohs, see /tllan's Alanual of Mine* 
ralogy, Introd., pp. 18, 19. 


Works relating to the department of Crystallography^ 

1 

Turner’s Chemistry. Phila. edition, pp. 424—433* 
Webster’s Manual of Chemistry on the oasis of Brande’s. 1 vol. 
8vo* p* 9* 

Gorham’s Chemistry. 1 vol. 8vo. pp. 8 — 21 ; with a plate 
illustrating the hypotheses ofaWollaston and Daniell. 

Rome Delisle Crystallographic. 3 vols. 12 mo. 1783. 

Huay Crystallographic. 2 vols. 8va ; and an astlaof 64 plates, 
illustrating his views both synthetically and analytically. 
Bournon Traite de Mineralogie. 3 vols. 8vo. 


GEOLOGY. 


L Geologv is a science exclusively of modern origiuy pre- 
b: ') ting to our notice series of facts and deductions resulting 
from researches almost entirely of a recent date. It relates to 
bodies, multitudes of which must necessarily have attracted the 
attention of mankind in all ages^and countries, and many of whose 
|)n)perties have been freouently and closely investigated ; but it 
IS the^ peculiar purpose of this branch of philosophy to develops 
the relations of natural substances as contributing to form the ter- 
restrial globe ; and hence the interest or importance of any given 
object, as a block of granite or marble, a nodule of flint, a petri- 
fied shell,' a fragment of fossil bone, or any other natural produc- 
tion, is not decided on by the geologist ^vith reference to its 
chemical composition or peculiar structure, simply considered ; 
but chiefly according to the indications it msfy afford concerning 
the mode of its derivation, and the situation it originally occupied, 
as composing a part of the crust or exterior of the earth. 

2. I'he proper object and design of geology, therefore, must be 
the study of the general structure of what may be termed the shell 
of the terrestrial globe ; for though speculations relative to the 
nature of the internal strata, or even the nucleus of the mass, are 
not wholly inadmissible, yet they must ever be regarded as of 
secondary importance, and should be no further pursued than they 
are warrantee! by those fac^ and appearances which come imme- 
diately under our observation. This consideration, however, was 
entirely lost sight of by those earlier writers, who either incident- 
ally or professedly treated of the structure of the earth. It would 
he profitless labour to pursue at length the reveries of* a host of 
bold theorists, who sprung up between the period of the revival of 
learning in Europe and the middle of the last century ; and whose 
systems of cosmogony, as they vainly styled them, have by more 
sober inquirers been justly stigmatized as romances, indebted for 
their existence to the prolific powers of imagination. 

3. But while so many philosophers were busily employed in 
endeavouring to erect systems of cosmogony on the basis of their 
own most imperfect knowledge of th^ nature of mineral bodies, 
or drew their ephemeral theories solely from imagination, there 
were some who more wisely applied themselves to the observa- 

To what era in philosophy does the science of geology pertain ? 

What is the peculiar province of this science? 

^low does the geologist differ from the chemist or mineralogist in his es- 
timate of a natural oUect ? 

What part r f the gRibe constitutes the proper object of geological inves- 
tiaatton f 

Itow are theoretical speculations to be regarded in geolpgy T 

What name was given to geological theories before the period of exact 
observation ? 
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THEORIES OF LEIBXITZ AND LEHMAN. 

tion of nature, and to the collection of correct information relative 
to the productions of the mineral kingdom in general, and espe- 
cially concerning those fossils which exhibit traces of having 
originated from organization. 

4. Bernard Palissy, a potter of Saintes, towards the «?iid of the 

sixteenth century, is said by Fonteneile to.Jiave been the first who 
ventured to assert in Paris, in opposition to the prevailing opinio.*, 
that petrified shells were the remains of testaceous animals that 
had formerly lived in the sea, aj;^d that all these were not depo- 
sited at the universal deluge. Ha wrote on the Origin of Springs 
from Rain-water, and other scientific works ; and he had the merit 
of displaying much juster views of^the operations of nature than 
most of his contemporaries, though ^his ideas met, in his own 
time, with a very faint reception. Similar notions were ad- 
vocated by. Nicholas Steno, a Dane, who ly^came professor of 
anatomy atTadua in Italy, in 1669; and Hooke and Ray, in Eng- 
land, distinguished themselves by opposing facts to visionary 
theories. i. , 

5. Leibnitz, in his Protogsea, published in 1680, advanced the 
bold hypothesis, that the earth was originally a burning luminous 
mass, the gradual refrigeration of which produced the primitive 
rocks, forming at first a solid crust, and this being ruptured, owing 
to irregular contraction, the fragments fell iiiVo the universal ocean 
formed by the condensation of vapours on the surface of the globe, 
lie proceeds to trace the production of inundations, convulsions, and 
attrition of solid matter, by its subsequent deposition constituting 
the various kinds of sedimentary or stratified rocks. Hence, he 
observes, may be conceived a double ^>rrgiii of primitive masses: 
(1.) By cooling after igneous fusion; (2.) By re-concretion from 
aqueous solution.* “ Here,” says Mr. Conybeare, we have 
distinctly stated llVe great basis of every scientific classification 
of rock formations, ”■(■ The grand feature of the theory propounded 
by Leibnitz, relative to the candescent state and gradual cooling 
of' the earth, was adopted not only by Wliiston, but likewise 
more recently by Buffon, Deluc, and other theorists. 

6. Among those men of science who contributed to the im- 
provement of geology, by tbeir researches into the actual struc- 
ture of the earth’s crust, was Tilias, a Swede; who, aware of the 
importance of an exact knowledge of mineral bodies, published 

Who 18 said to have finit made collections of fossil remains 7 

What Danish and English writers followed a similar course 7 

What view of the cause of roc’k formations was taken by Leibnitz? 

How does that view correspond with the present received opinions ? 

What Swedish writer early contributed to the stock of facts relating to 
geology ? 

— — — ■-■■■-, . — ■ — 

* “ Unde jam duplex origo intelligitur primoriim corponin, una, cum ab 
ignis fusione refrigescerent, altera, cum reconcrescerent ex solutione aqua- 
rum.” 

t Progress, Actual State, and Ulterior Prospects of Geological Science, 
in Report of British Association for 1832, p. 3^. 
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\k 1750 several topogrraphical descriptions illustrative of the geo 
logy of certain districts in Sweden. He was followed by Leh« 
Bianf a German mineralogist, director of mines in Prussia, who, 
In an Essay towards a Natural History of the Strata of the Earth, 
1756, proposed a division of mountiuns into those formed before the 
creation of animals, and containing no fragments of other rocks ; 
mountains which were, derived from the partial destruction of the 
primary rocks by a general revolution ; and those which resulted 
from local revolutions, and in part from the Noachian deluge. 

7. Many other writers no%^ appeared, who advantageously 
direc'^d their attention to the Investigation of particular topics 
connected with this subject; as the causes and phenomena of 
earthquakes and volcanos, the formation of deltas or low tracts 
at the mouths of rivers, thb actual structure and position of the 
mineral strata, and the description of fossil remains of animal or 
vegetable origin. <^mong those who rendered important services 
to the cause of science by advancing gener^^l views of the theory 
of the earth, were Dr. James Hutton, of Edinburgh, and Profes- 
sor Werner, of Fi jyberg, in Saxony. Thqse cel^ratcd philoso- 
phers produced systems, in one respect, diametrically opposite to 
each other ; for while Hutton attributed the formation of the older 
rocks entirely to the agency of fire, Werner insisted that they 
originated from solution in a liquid. 

8. The German geologist deserves the credit of having directed 
the attention of his pupils to the constant relations of mineral 
groups, and their regular order of superposition ; distinguishing 
the classes of primary rocks, or those destitute of organic remains, 
as granite and gneiss ; transition or secondary rocks, formed from 
the disintegration of the^ preceding, and occasionally exhibiting 
traces of organic remains, as grey wacke, a mechanical compound 
of agglutinated fragments ; fioetz or tertiary rocks, including the 
coal strata, chalk, and freestone, some of which abound in organic 
relics^ and besides these, alluvial strata and volcanic rocks, the 
latter of which he seems to have regarded as of little importance, 
for he asserted that in the primeval ages of the world there were 
no volcanos. 

9. The great merit of Hutton consists in his having demon- 
strated the igneous origin of basalC, and other trap rocks ; the 
high probability that granite is derived from the same source ; and 
that tne other primary non-fossilliferous rocks have been more or 
less subjected to the agency of fire. ** The ruins of an older 
world,** said Hatton, **are visible In.the present structure of our 

E lanet, and the strata which now compose our continents have 
een once beneath ilie sea, and were formed out of the waste of 

JVhnt WAS Iho division of mountains proposed by Lehman? 

What two tvrifeni attempted to reduce to geological aystems the obser- 
vations of nateiraliscsHietbre the end of the eighteenth century f 
What ia the difference of their views? 

Who formed the division of rocks into primary, tecendary^ and tertiary f 
To what peculiar merit ia the English theorist entitled f 
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jire-existing continents. The same forces are still destrcgptng, bj 
chemical decomposition or mechanical piolence, even tha hardest 
rocks, and transportingr the materials to the sea, wl|ere they are 
spread out, and form strata analogous to those of more ancient 
date. A]|hough loosely deposited along the bottom of tise ocean, 
they become afterwards altered and consolidated by Yoleanic heat, 
and then heaveTl up, fractured and contorteS.’** ^ 

10. The theory of Hutton was admirably illustrated and ably 
supported by Professor Playfair, of Edinburgh, while it was 
assailed by Murray, Kirwan, De]^, and others, a violent contro- 
versy being maintained between the partizans of Werneif who 
were called Neptunists, as ascribing the formation of all rocks to 
water; and those of Hutton, styled Vulcanists, because they 
attributed the original formation of rocKS to fire. The Neptunists, 
for a time, constituted by much the more numerous party ; but in 
the course of these discussions, it was at lei%th perceived tliat 
speculation had, on b(ith sides, been carried further than was war- 
ranted by the extern; of existing information : and that while 
neither the theory or Werner, nor that of Huttmi, could be consi- 
dered as affording an explanation of all the phenomena, or making 
near approaches to perfection, there were many points with re- 
spect to which the researches and observations of both these phi- 
losophers contributed to the extension of on| knowledge, and the 
imjfi^vement of the science. 

11. A new school at last arose, who professed the strictest 
neutrality and the utmost indifference to the systems of Wer- 
ner and Hutton, and who resolved diligently to devote their la- 
bours to observation. The reaction, pr^vi^ced by the intemperance 
of the contending parties, now produced a tendency to extreme 
caution. Speculative views were discountenanced ; and through 
fear of exposing themselves to the suspicion of a bias towards the 
dogmas of *a party, some geologists became anxious to en^rtain 
no opinion whatever en the causes of phenomena, and were in- 
clined to scepticism, even where the conclusions deducible from 
observed facts scarcely admitted of reasonable doubt. 

12. ** But although the reluctance to theorize was carried some- 
what to excess, no measure ^nld be more salutary at such a mo- 
ment than a suspension of alT attempts to form what were termed 
theories of the earth. A great body of new data was required, and 
the Geological Society of London, founded iR 1807, conduced 
greatly to the attainment of this desirable end. To multiply and 
record observations, and p%tiently to await the result at some fu- 

Whst did Hutton suppose to have been the origin of the present conti- 
nents? 

Who have illustrated the theoiy of Hutton f - 

What oourae was adopted to free the science of geology from dispiitbs 
about theories ? * 

What was the effect of that course I 


• Lyeirs Principles of Geology* 3d ed.* 1834* vol. i. pfK 88* 89 ; from 
Hutton’s Theory of the Earth. 
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loYiCl pj^riod, was the object proposed by them; and it was their 
favourite maxim, that the time was not yet come for a general 
system of {[eology, but that all must be content for many years 
to be exclusively engaged in furnishing materials for future gene- 
ralizatidlis. By acting up to these principles with cqpsistency, 
they in a few years^ disarmed all prejudice, and rescued the 
<*:c.ience from the imputation of being a dangerous, or at best but 
a visionary pursuit.’’* 

13. One train of research ^hich was now pursued with great 
ardour, and which contributed liuich to the improvement of science, 
was respeciing the nature of the organic remains, which wrere 
ftiund imbedded in various sjlrata in different parts of the world. 
Cuvier, the celebrated ana|oini8t and zoologist, professor of natu- 
ral history at Paris, acquired great distinction by the number, 
acqpracy, and ImyrnTtance of the discoveries which he made rela- 
tive to the generrt and specific characters of the animals, frag- 
ments of w'hose hones, and other constituent parts, occurred to 
notice in the course of his long and labor t,»ua investigations. He 
ascertained that numerous living beings of di^erent classes, which 
have no existing analogues, once inhabited the surface of the 
globe; and that the relative priority of the several strata might, 
to a certain extent, be inferred from the characters of the organic 
remains included in Jbem. 

I t. Among the recent cultivators of this branch of scifence 
besides Cuvier, may be named Alex. Brongniart, Lamouroux, 
Lamarck, Deshayes, Marcel de Serres, Brocchi, Goldfuss, Parkin- 
son, Buckland, Conybeare, .1. S. Miller, Manlell, Lonsdale, Say, 
Morton, and ilarlan, w ho jlevoted their attention chiefly to fossil- 
ized animal remains; and Adolphe Brogniart, Withnm, Lindley, 
and W. Hutton, whose investigations have been especially directed 
to botanical orj'ctology. The results of their researches relative 
to^ those subjects, and those of other geologists concerning the 
mineralogical structure and position of rocks'* and mountains, and 
the modifying influence of existing causes on the surface of the 
earth, have greatly contributed to the augmentation of our know- 
ledge of the natu re and arrangement of 'the superficial strata of 
the planet on which w’e dwell, wh^rh must be regarded as the 
only sure foundation of a true system of geognosy, which may 
verify or overturn the conjectural speculations of those philoso- 
phers who wrote during the infancy of the science. 

16. ** When we compare the result of observations in the last 
thirty years, with those of the three preceding centuries, we can- 

To what particular branch of the auhject were inquiries directed ? 

Who took the lead in those researches t 

I What has been the effect of the inductive observations of modem phi* 
loaophers ? 

What estiiinte is tb be put upon the results of these inquiries compared 
with those of former years 7 


Lyell's Principles of Geology, vol. i. pp. 102, 103. 
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not bnt look forward with the most sangfuine expectations to the 
degree of excellence to which geology may be carried, even by 
the labours of tho present generation. Never, perhaps, did any 
science, with the exception of astronomy, unfold, in an equally 
brief periq|d, so many novel and unexpected truths, and%»verturn 
so many preconceived opinions. The senses had for ages declared 
the earth to bS at rest, until the astronomer taught that it waa» 
carried through space with inconceivable rapidity. In like man- 
ner was the surface of this planet regarded as having remained 
unaltered since its creation, until ine geologist proved" that it had 
boc’i the theatre of reiterated change, and was still the subjeibt of 
slow but never-ending fluctuations. ^ 

Ifi. The discovery of other systems ig the boundless regions of 
space was the triumph of astronomy ; — to trace the same system 
through various transfonnations — to behold it^t successive eras 
adprned with different hilU and valleys, lakes and seas, and peo- 
pled with new inhabitants, w^as the delightful meed of geological 
research. By the geometer were measured the regions of space, 
and the relative distances of the heavenly bodies; — by the geolo- 
Ifist myriads of a^es were reckoned, not by arithmetical computa- 
tion, but hy a train of physical events — a succession of pheno- 
lYKjua in tiie animate and inanimate worlds — signs which convey to 
our minds more definite ideas, than figures can do, of the immen- 
sity «f time.”* 

17 . “ By the discoveries of a new science, (the very name of 
which has been but a few years ingrafted on our language,) we 
learn that the manifestations of God's power on earth, have not been 
limited to the few thousand years of m^jintS existence. The geo- 
logist tells us, hy the clearest interpretation of the phenomena 
wliieh his labours have brought to light, that our globe has been 
subject to vast physical revolutions. He counts his time, not by 
celestial cydles, but by an index which he has found in the ^olid 
fVamew(;rk of the globe itself. He secs a long succession of 
niouuinents, each of which may have required a thousand ages 
for its elaboration. He arranges them in chronological order, ob- 
serves on them the marks of skill and wisdom, and finds within 
them iht^ tomb's of the ancient {^habitants of the earths 

18 . He finds strange and unlooked-for changes in the forms 
and fashions of organic life during each of the long periods he 
thus contemplates. He traces these changes backwards through 
each successive era, till he reaches a time when the monuments 
lo-se. all symmetry, and the types of organic life are no longer seen. 
He has then entered on the dark age of nature^s history ; and he 
closes the old chapter of her records. This account has so much 

What two great errors have astronomy and geology remove^? 

Whttl tlisfoveriea liave liiey respectively effected ? ^ 

What is the relative nature of organized beings at present ^mpared to 
tliat of former geological periods ? 

♦ Lyell's Principles of Geology, vol. i. pp. K)6, 107. 
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of what is exactly true, that it hardly deserves the name of figurar- 
tive description/'* 

tfpd Magnitude of the Earthy ite Mean Defieity^ Superficial 
Conformation and Structure, • 

^ i 

19. Before we proceed to describe the present state of the 
crust of the earth, and investigate the probable causes of its ori- 
gin and structure, with the nature of the strata or more irregular 
masses of which it is composbd, it will be requisite to notice 
those facts concerning the general figure, dimensions, and den- 
sity of the terrestrial globe, and of the contour of its surface, as a 
body of land and water, *for a knowledge of which we are in- 
debted to the researches of astronomers and geographers. 

80. That the hgtlre of the earth is spherical, or rather spheroidal, 
though a matter of dispute among ancient philosophers, and still 
disbelieved by the vulgar, is now admitted as an incontestable 
truth by all well informed persons. The curved surface of the 
sea w^hen viewed from the shore, and the observation that the 
upper rigging of an approaching ship becomes visible to a distant 
spectator nemre the null comes in sight, while the hull first dis- 
appears when the vessel is receding, prove that the object in 
question must be mdiring in the circumference of a great circle. 

21. A similar conclusion may be drawn from the changing 
aspect of the heavens to an observer travelling from north to south. 
For though the stars and the constellations they form will be 
found to maintain the same relative positions with respect to 
those around them, and the points on which the celestial dome 
appears to revolve remain unaltered, yet the angle which its axis 
of revolution forms with the horiaon continually lessens ; and thus 
any star, which at the place whence it started, seemed to the ob- 
server to have reached its greatest elevation to the south of the point 
directly above his head, now that he has altered his position, 
will appear, when highest, on the north of that point; clearly in- 
dicating that his path on the earth's surface has not been a right 
line, but a curve, of which the convexity is turned towards the 
sky, corresponding, in fact, more of^less, with a meridian of lon- 
gitude. The appearance of the moon when eclipsed, likewise 
luriiishes demonstrative proof of the spheroidal figure of the 
earth, for lunar eclipses are caused by its circular shadow inter- 
cepting the light of the sun from the moon's disk. 

!• 

What geographical aubjectu are connected with geological science? 

What evidence have we of the spherical form of the earth ? 

What astronomical observations demonstrate this fact ? 

,What particular celestial phenomenon occur in going from a north to a 
south latitude ? 

* Discourse on the Studies of the University, by Adam Sedgwick, M.A 
F.R S., Wood Wardian Professor, and Fellow of Trin. Coll. Camh., 1834, 
pp. 25. 26. 
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S2. It has been found, however, both from astronomical and 
Reodesical observations, that the earth is not a perfect sphere, 
blit that its hRurc is that of an oblate spheroid, or such a solid 
as would bo formed by the revolution of a fluid mass in open 
space. Huygens and Newton deduced the real figure of llie earth 
from the doctrine of central forces of bodie^ revolving in circles, 
and their conclhsions were subsequently verified by actual mea-<^ 
sureinents of degrees of the meridian in various latitudes. It 
^ appears, however, that though the polar diameter of the earth is 
* certainly smaller than its equatorial diameter, the exact difference 
between them has not yet been accurately ascertained. If has 
been estimated by some at par^ of the equatorial axis, by 
others at part; but Professor Waliace says: “ We may as- 
sume, without sensible e^ror, that the equatorial axis is to the 
polar as 334 to 333 ; the difference, therefore^of the semiax^s, 
compared with the equatorial radius, will be 1 part in 334. The 
fraction of ^4 t, isf the difference of the semiaxes divided by 

the equatorial radius, as called the compression o£ the earth at the 
poles.”* • 

23. The determination of the figure of the earth leads to con- 
clusions respecting its mean density, which also has within cer- 
tain limits been sufUciently ascertained. 8ir Isaac Newton, rea- 
soning on the supposition of uniform density in the earth, esti- 
mated its compression at the poles as of its diameter. Now, 
since experiment has demonstrated that the compression is less, 

In what manner do eclipses of the moon demonstrate the spherical form 
of the earth ? What is the true figure of tli» e^th ? 

What is the relation between the equatorial and polar diameters of the 
earth ? 

What has been assigned by Newton as the compression of the earth at 
the poles on the siip^iosition of a uniibrm density 7 


* Murray’s Encyclopaedia of Geography, 1834, part ii. b. i. ch. 19, p. 128. 

** As the earth has a movement of rotation about its axis, all its parts 
will be animated with a certain degree of centrifugal force, vdiich must 
be more or less considerable as the parts approach or are distant from the 
axis. Under the equiitor'will he points of greatest distance from the 
axis, and the centrifugal force directly opposed to that of weight or gravi- 
tation, ought to reduce the latter there more tlian at any other place ; and 
at parts intermediate between the poles and the equator, the diminution 
of weight ought to become lete sensible, in proportion as they are nearer 
the poles. At either pole the centrifugal force will vanish, and bodies 
will havo the same weight as if the earth were at rest. 

** As gravity must be normal it the surface of the sea, and as it is the 
re.suUant of terrestial attraction and centrifugal force, it will be obvious 
that it must vary at different places; and that if the earth was originally 
a rtiiid, it could not, in consequence of its rotation, preserve the form of & 
sphere, but that it must assume that of a flattened spheroid, which wouj|4 
be generated by the revolution of an ellipsis rointd its jailer axis. 
This also is demonstrated by experience, anil that the flattening at the 

? )lc8 renders the axis l-310th less than lha diameter at the Muator.**-— 
ranc^eur TraifdHe .Wcaniqiir Elimenfaire, 1825, pp. 287, 288. ^e Scten- 
tifle Class Baok, pt. i. Mechanics, Nos. lOO. 107, and 114 to 122* • 
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amounting at moat to it may be concluded from the obsenra- 
tiona of Clatraulty that if the earth is a apheroid of equilibration, it 
ia denaer in the interior than at its surface ; and from the experi- 
ments of Dr. Maakelyne and Mr. H. Cavendish,* it has been 
inferred that the mean density of the earth ia about five^imea that 
of water, and therefoi|^ double that of the subatanf es which com- 
*poae the crust of the earth, collectiveW considered. 

24. Since then the mean density of the terrestrial globe is so 
much superior to that of its superficial strata, it follows that the 
interior or central parts must be composed of more dense mate- 
rials \han the exterior. On a subject so open to speculation as 
the constitution of the nucleus of the earth, a variety of conjec- 
tures, as might be expected, have been hazarded. The superior 
density of the interior parts of the earth compared with the exte- 
rio{, has induced q^me to conclude that the nucleus of the earth 
must consist of some substance or substances naturally possess- 
ing high specific gravity, like certain of thb metals. ** It can be 
neither gras nor water,*’ says Dr. Bertrand ,i which constitutes 
the interior mass, nor yet the heaviest fttony substances with 
which we are acquainted, for on this last supposition, the entire 
spheroid would have but one-third or one-fourth of the weight 
which has been attributed to it from calculation ; therefore it must 
be conmosed of matter as ponderous as the heaviest metals.”! 

25. This iiigenous speculator, however, in reprobating the hy- 
pothesis of a nuid or gaseous nucleus of the earth, has entirely 
neglected the consideration of the relative compressibility of elas- 
tic fluids compared with bodies which on the surface of the earth 
possess superior density. dMLr. Colebroke, in a paper published in 
Brande’s Journal of Science, advanced some curious and interest- 
ing speculations on the internal portions of the earth, designed to 
show that they may consist of air and water, reduced by compres- 
sion to extraordinary degrees of density. He observes, that At 
a certain assignable depth water may have a density greater than 
that of those solids which are most abundant in the crust or shell 
of the terrestrial globe. Hence it would follow that water at a 
very gpreat depth would be capable of floating bodies which at the 
surface sink by their superior w^eigKt, provided density and spe- 
cific gravi^ increase much less rapidly in the solid than in the 
liquid, under corresponding degrees of compression. 

26. Let a sphere now be supposed, having the same mean tem- 
perature of its mass, and exclusively composed of gas; for in- 

• 

What did Moskelyne and Cavendiah demonatratS in regard to the mean 
denaity of the globe? 

To what^uppoaition haa thia reault led f 
# What were Bertrand*a viewa of thia aubjeett 

What are the calculationa of Colebrooke on the compremibility of air 
and water I f ^ 

When might heavy aolida be fbund to float in water ? 
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stance, atmospheric air. It can be conceived that this gas, more 
cotnpressible than a liquid, may in obedience to the power of gra^ 
vity, acting directly and likewise mediately, by superincumbent 
pressure, be so distributed in the sphere, as that the density and 
consequent weight of the compressed gaseous fluid at ^e centre 
of the sphere, and to a certain extent around, will be neater than 
that of the liqiTid in a like position withiiPthe globe before menj^ 
tiuned. It would be capable then of sustaining, in a liquid form, 
water introduced into it. Let these suppositions be combined, 
and a ball be next imagined, con^pbsed of a gaseous fluid, and of 
a liquid with solids interspersed. • 

27. It is easy to conceive the relative compressibility of these 
substances, and the actual compression of them to be such tliat 
the entire portion around the centre may be occupied by highly 
condensed gas, encompassed b^ a liquid mas^ which is pervaded 
by a gaseous fluid, both decreasing in density upwards ; and bevhnd 
the liquid surface suraounded by an atmosphere consisting of gas 
penetrated by aqueoi^s vapour. Solid substances sparingly scat- 
tered in such a fluid ball would float at a greSt depth ; but the 
magnitude of cohesive masses, and the abundance of them, may 
be imagined such, that they may be fast locked and flxed together, 
ill the manner of field-ice, at the same time that the weight of them 
is such as would float them were they loose, like an iceberg, 
with a relatively small portion of the floating mass emergent. In 
a word, a solid crust might exist, sustained by the water m which 
it is immersed, at the same time that the irregular and uneven 
surface of the cohesive mass emerges in part, while other portions 
are submerged.”* 

28. Leslie instituted some important experiments on the 
compressibility of different kinds of matter, from which he 
drew very remarkable conclusions, deeply affecting the subject 
under conikideration. He computed that air under the ]pw of 
uniform condensation would become as dense as water at the 
depth of 33| miles, and that at a further depth of 163i miles, it 
would acquire the density of auicksilver. Water at the depth of 
93 miles would be compressea to half its former bulk ; and at the 
depth of 362^ miles woul<i^ be as dense as quicksilver. Even 
marble itself, subjected to its own pressure, would become twice 
as dense as before, at the enormous depth of 987} miles. Air, 

What would be the density of air compared with that of water, suppoa- 
ing its compressibility uniform, if compressed with a force of 826 atmos- 
pheres ? C^e Scientific Class-Book, pt. i. p. 154.) 

How may we conceive the crust of the earth to be disposed in regard to 
its condensed liquid ingredients ? 

At what depth beneath the surface of the ocean would a mass of air, 
carried from the surface, have a density equal to that of water? * 

At what depth did Leslie suppose that water woc^d have the same den- 
sity as quicksilver ? * 


* On Fhiidity ; and an HypoAeniw concerning the Structure of the Earth* 
Joum. of Science, vol. is. pp. 52—61. 
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however, from its rapid compressibility, would acquire the same 
density with water, sooner than the latter fluid would reach the 
condensation of 'marble. If we calculate for a depth of'395|. 
miles, or about a tenth part of the radius of the earth, we shall 
find thatCir would attain the astonishing density of 1(1^1960 bil- 
lions ; while at the same depth water would attain but the density 
^4.3492, and marble only that of 3.8025. At the centre of the 
earth air would reach the inconceivable density denoted by 7G4, 
with 166 ciphers annexed ; while water would be condensed 
3,009,000, and marble acquire tna density of 1 19. 

29. *“ Such are the prodigious results deduced from the law of 
gravitation, even supposing^ the structure of the globe were 
uniform. But if we take mlo the estimate the augmented power 
from condensation, the nunibers would become still more stupen- 
dous. It follows, Iherefore, that if the great body of our earth 
consisted of any snch materials as we are acquainted with, its 
mean density would very far surpass the limits assigned by the 
most accurate investigations. It seems, ther^ore, to follow con- 
clusively, that our planet must have a very widely cavernous 
structure, and that we tread on a crust or shell, whose thickness 
bears but a very small proportion to the diameter of its sphere. 

30. Physical science can extend her prospects to the farthest verge 
of possibilities, but chemistry, even in its present advanced stage, 
fails altogether in aiding inquiry; and the various hypothesis 
framed by geologists are built with snch scanty and slender ma- 
terials, as to furnish no safe guidance through these boundless 
speculations. It is evident that immense compression would 
totally derange the pow'eiC 3 qf elective attr.iction, and change the 
whole form and constitution of bodies. When air becomes denser 
than gold, it is hard to conjecture what transmutations this plastic 
fiuid must undergo. The bowels of the earth may contain sub- 
stanceff thus transformed, bearing no longer any resenlblance to 
their aspect on its surface. 

31. Observations relative to the temperature of the earth, and 

the probable sources whence it is derived, might be expected to 
lead to some reasonable conclusions relative to its central struc- 
ture and composition. This subject may be regarded as apper- 
taining more directly to the science of pyronomics, than to 
geology, and it has accordingly been generally noticed in the pre- 
ceding volume of this work;* but is so intimately connected 
with the topics under discussion, as to require more particular 
attention. ^ 

32. That the internal parts of the earth are more highly heated 
than its surface, and that their temperature depends on other causes 

\^at change of properties may wo conceive to result from the high de- 
gree of compreviion aming from the liquid of which the earth is supposed 
to be constituted ? 


* See Scientifle Class Book, pt i. pp. 280—885. 
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than the influence oi the sun's rays, may naturally be inferred 
from the |>henomena of volcanos and thermal springy, which 
have in some degree attracted the attention of philosophers in 
early times ; but the doctrine of central heat, adopted to account 
for these and other analogous occurrences, has receiitl^erived 
strong conlirniation from experiments and observations, instituted 
for the express* purpose of ascertaining hdW far it is consistent^i 
with the general economy of nature. 

33. In 1671, Cassini, the first di|tinguished astronomer of that 

name, noticed that in the caves un^r the observatory at Paris, the 
temperature had remained unaltered during a whole year; and in 
1 730, Laliire made a similar observation. Forty years later the 
Count de Cassini first perceived the full importance of this phe- 
nomenon; and in 1771, he c ^mmenced a series of experiments for 
the purpose of elucidating it. At length, on the 4th of July, 
1763, he, in conjunction with Lavoisier, placCT in the caves'of 
the observatory a ver}s sensible thermometer, so arran^d as to 
show the slightest variations of temperature that might take 
place. It was fixed 3(16 yards below the surfadb, and imbedded 
in sand ; and the observations of Cassini himself, with those sub- 
sequently made by Bouvard for thirty-two years, showed that 
during more than half a century the temperature of the caves has 
remained permanent at 1 1^.82 of the centigrade thermometer, 
the slight oscillations which occurred nev^r amounting to more 
than 25 ceiitieines of a degree above or below and being 

apparently owing to accidental causes. The mean annual tem- 
perature of the air at Paris is only 10^.6, so that the constant 
temperature of the earth there 30.6 };ards beneath the surface, 
exceeds it by 1^.2 cent., or 2^.16 of Fahrenheit. 

34. Hence it appears tliat the depth corresponding to an aug. 
mentation of temperature amounting to 1^ is about 25 yards ; 
and adniittiftg that the temperature increases uniformly with the 
depth, the heat must be equal to that of boiling water at the depth 
of 2542 yards below Paris. Observations thus exact and long 
continued have unfortunately been made only at the Parisian 
observatory, but from the nature of the results it may be inferred, 
that this stability of subterranean temperature. Is not an accidental 
phenomenon, but depends on general causes, and therefore it may 
he concluded that in all places, at a ^iven depth beneath the sur- 
face of the earth, there is a certain point at which the temperature 
remains constantly the same, being uninfluenced by those causes 
which may effect the surface. 

Whnt general truths may we deduce from the phenomena of volcanos 
and hot springs?- 

Whnt facts were observed by Cassini in regard to this subject? 

What is the temperature of the caves of the Paris of^ervat^ in degrcfha 
Fah. ? How much variation is found there in the course of f year? 

What is the mean temperature at the surface of the ground f 

If the interior heat increases uniformly, at what depth below the surface 
would be found the temperature of boiling water t ^ 
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35. The series of such points of invariable temperature around 
the globe may be termed the invariable stratum, at which the 
influence of all those alternations of heat and cold, rccasir.nal or 
periodical, which might act on the superior soil, would be extin- 
guisheii. This stratum, however, cannot be considered as forming 
a regular curve, or maintaining a constant distance from the sur- 
face; for its depth ah'd conformation must be afiected by the na^ 
lure of the surface, as consisting of land or 'water, and as being 
diversified by plains, mountains, and valleys, and composed of 
materials more or less dense and compact. 

3t9. A few observations only have been made relative to the 
variations of temperature which take place in the space between 
the surface and the invacisole stratum. So far as they go, how- 
ever, they tend to show that the influence of the solar heat pre- 
vails in the summer months, and that of central heat in the winter, 
as' might he expedited. But the most important observations are 
those which have been made on the temperature of the earth 
below the invariable stratiim. The prevalence of heat in mines 
had been noticed'arid variously accounted for by philosophers, long 
before it was made the subject of direct experiment. Gensanne 
appears to have first discovered that the temperature of the earth 
increases with the depth below the surface, by means of thermo- 
metrical observations instituted in the lead mines of Girornagny, 
near Befort, in 1740; and in 1785, corresponding experirnenis 
were made by Saussure, in a mine at Bex, in the canton of Berne. 
Ill 1701, the subject occupied the attention of Humboldt, who 
made an extensive and interesting series of experiments in the 
mines of Freyberg. 

37. In 1802, D^Aubuisson revived th^ important investigation, 
and since that time observations have been multiplied in the prin- 
cipal mines of Europe, in France, in Germany, and in England, 
while Humboldt, proceeding on his memorable scieniific voyage, 
in 1708, examined the temperatures of the mines of America to 
the depth of 522 metres. 

38. M. Cordier, in 1827, published an interesting memoir, on 
the temperature of the earth, (in M^moires du Museum d^^IIistuire 
Naturelle^) in which he collected the observations cf others, to- 
gether with his own, and having classed and arranged them, drew 
from them some interesting general conclusions. He ascertained 
that after making due allowance for the heat in mines arising from 
the presence of miners, the combustion of lamps, and communi- 
cation with the atmosphere, the following results were established: 

39. (1.) Below the invariable stratum, where the oscillations 
of surface heat are extinguished, the temperature remains per- 
fectly constant for given depths, without any variation for several 

c 

What gendlral inference may we derive from these facta ? 

Who first discovered the increase of temperature as we descend below 
the invariable stratum 7 

What subsetiuent investigations of this subject have been mode ? 
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years. (2.) That in all places where observations have been made 
below the invariable stratum, the temperature always goes on in- 
creasing^ with the depth. (3.) That the ratio of the augmentation 
of temperature, in descending below the invariable stratuniy is 
different fm different places. v 

40. M. Cordier Cf>n8ider3 that from 25 to 30 metres’ depth may 
be assumed apfiroximately as correspondin|| with an increase ofj 
temperature, amounting to 1 centessimal degree ; and therefore 

of Fahrenheit may answer to about ^5 yards. On the last suppo- 
sition of 1*^ F. additional for every 15 yards of vertical descent, 
it must follow that at the centre of the globe, supposing its ihean 
semi-diameter 3056.8 miles and the temperature to increase uni- 
formly, it would then rise to 464,264®^F. The temperature of 
7000^ F., which would be sufficient for the fusion of lavas and 
probably of all kinds of rocks and metals, wo^d be found at 
depth of about 60 miles. It is, however, uncertain what may be 
the mean thickness of the solid cnist of the earth. Cordier 
imagines Uiat it may got exceed 60 miles. Hejice a strong pre- 
sumption arises in support of the inference, that the consolidation 
of the f'xterior crust is the effSbt of a gradual cooling. 

41. If this is the case the consolidation must have commenced 
at the surface, and proceeded towards the interior; and therefore, 
contrary to the received opinions of geologists, the primitive rocks 
are more ancient in proportion as they are nearer the surface. It 
follows, also, that the strata ought to be arranged in the order of 
fusibility, or nearly so, some allowance being made for the inter- 
ruption of this order, owing to the rapidity of cooling at first, and 
to the influence of chemical affinity on thewast mass of the globe. 

42. Another necessary consequence of the hypothesis is, a con- 
traction of the dimensions of the earth, through the diminution of 
its temperature, causing subsidence and approximation of the ex- 
terior crust, hnd consequent dislocation of its parts. This#nay 
account for the numerous cracks and fissures, and the irregularity 
of the disposition and inclination of the superior strata. But the 
subsidence not taking place regularly, would not produce a gene- 
ral, or very extensive change of level, though it might be sufii- 
ciont to explain certain phenomena otherwise not easily ac- 
counted for : such as the apparent secular decrease of the water 
of the Baltic, and the alteration of level of the Mediterranean 
observed on the coast of Egypt. 

43. The most important effect, however, of tlie contraction of 

What three general conclusions did Cordier derive from his investiga- 
tions ? 

At what depth might we probably find the temperature sufficient 
maintain the metallic and rocky constituents of our globe in a slate 
fusion ? e ^ 

Where must the consolidation of the globe have commencea on the sup- 
position of its having been once in a state of mneous fusion ? 

What consequence in regard to the bulk ot the globe must arise from 
the gradual cooling of its surface ? 
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tba bulk of tbe earth, is an acceleration of its rotatory motion* 
For such is the mechanical relation between the dimensions of 
the earth and its period of rotation, that if it undergoes contrac- 
tion of volume, the rotatory motion must he accelerated ; whence 
increas^ of centrifugal force, causing the level of the pcean to be 
raised a little between the tropics, and lowered^ in the polar re- 
gions, so that the northern parts of Europe and Asia would be 
gradually elevated above their former level with respect to the 
sea.* in this way the numerous islands of the Pacific^ Ocean 
may be supposed to be the summits of mountains belonging to a 
portion of submerged continent. 

44. The same relation also afTords the means of measuring the 
secular contraction, for th,e length of the day is an astronomical 
element of such importance that the slightest variation would be 
immediately detected. But observations sufficiently accurate ren- 
der it certain, that since the time of Hipparchus, or during the 
last twenty centuries, the length of the da^' has not varied by 

of a second. Hence it necessarily folio ws,jthat if the contraction 
is proceeding, it must be at a almost indnitelv slow. The 
amount of contraction, however, cannot safely be taken as a mea- 
sure of the loss of temperature. The cooling takes place under 
circumstances very different from those in which bodies are placed 
when exposed to the free action of the atmosphere, and the ordi- 
nary laws of contraction must be greatly modified by the enor- 
mous pressure at the depth of twenty leagues beneath the surface. 

45. It has been found that the temperature of springs, as they 
issue from the earth, varies but inconsiderably at different seasons 
of the year; and that hi Giir hemisphere they attain their highest 
degree of heat in general about the month of September, and their 
lowest towards March, the difference of the two extremes being 
froni 1* to 2* centig. From a table of the mean teipperature of 
sprit.gs in different parts of the world compared with that of the 
air at the surface of the soil, collcicted from the experiments of 
different observers, by M. Pouillet, it appears that in the torrid 
zone, the mean temperature of the air is in general somewhat 
lower than that of springs ; but in the temperate zone the contraiy 
appearances take place ; the spring! are warmer than the air, their 
excess of temperature usually increasing with the latitude, so that 
at 60 or 70 degrees, from the accurate observations of Wahlen- 

What effect on the time of a diurnal revolntiommust the contraction of 
the earih produce? % 

What does astronomy teach in regard to the length of our present days 
compar^ with those of 2000 years ago f 

How is the contraction of bulk in the earth probably effected by the 
present circumstances of its crust f 

Ilow is the temperature of springs found to vary from that of the air in 
the torrid scv^ie f Kow in the temperate zones ? 

* See Scientific Class Book, pt. i. p. 57, Nos. 103 and 104 of MechanicBt 
for the manner of estimating centrifugal force, and obaervationa on the 
consequences of its overcoming the force of gravitation. 
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berg, it may be conclvded tliat their temperature is from 3^ to 4^ 
cencig. above that of the air. 

46. Investigations of the heat of Artesian wells,* have brought 
to light some important results relative to the internal tempera- 
ture of the earth. M. Arago collected observations whence it 
appeared^that the greater the depth of such wells, the higher is 
the temperatuip of the waters that flow from them. M. Fleuriau 
de Bellevue found that the temperature of me water at thef ottora 
of an Artesian well, by the sea side, near Rochelle, 316 feet deep, 
was 16^.25 centig. ; and the boripg being afterwards continued 
to the deoth of 369.5 feet, the temperature at the bottona was 
found to be 18^.12 centig., the mean surface temperature of the 
country being ll®.287 centig.f . ^ 

47. Though there are various circumstances that might occur to 
modify the temperature of springs, yet it must be inferred from 
the preceding observations that some springs^isplay degree»of 
heat greater than could be supposed to be caused oy the influence 
of the rays of the sun propagated through the superficial strata of 
the earth. This also still more evidently appe^iTS from the tem- 
perature of thermal Waters, sometimes approaching to the boiling 
point. 

48. The source of heat in springs or fountains of this kind has 
been the subject of much 'controversy. Connected as they fre- 
quently are with volcanos, their temperature may natnrallv be 
imputed to volcanic agency; and when hot springs are founci tra- 
versing cracks in strata not volcanic, attempts haVe been made to 
account for the phenomena by chemical combinations at incon- 
siderable depths ; but the salts usually found dissolved in these 
waters do not afford support to this 4h%>ry, and Berzelius has 
shown it to be iinteuable with respect to the Carlsbad waters.^ 
Numerous instances occur of the existence of thermal springs in 
tracts of country distant from any open or extinct volcanos. It 
may, however, be alleged that they may possibly commniycate 
with some deeply-seated foci of volcanic agency; yet admitting 
such communication 4 would only tend to prove that volcanos, 
as well as thermal fountains, owe their origin to central heat. 

49. Among the hot springs obviously connected with volcanos 
are the Geysers in Iceland, the phenomena of which deserve to 
be noticed, as the extraordinary effects exhibited serve in some 

What light ia thrown upon this subject by the examination of Artesian 
wells ? 

What is sometipieB found to he the temperature of hot springs I, 

What theories have been formed to account for the heat ot thermal waters? 

To what common cause may volcanos and hot springs be referred t 


* For an account of the nature of Artesian wells, see Treatise on 
drostatics, Scientific Class Book, pt. i. p. 144. * * 

t De U Beche*s Geological Manual. 3d ed.. 1833.8v6..p. 13^ from Joum. 
de Geologie. tom. i. 

I Id. p. 17. 
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degree to indicate the extent and magnitude of the power by which 
they are produced. 

These intermittent hot springs rise from a large tract, covered 
to a considerable depth by a stream of lava, and where thermal 
water ard apertures evolving steam are very common. The Great 
Geyser rises out of a spacious basin, at the summit of a circular 
mounfji, composed of siliceous incrustations, deposited from the 
spray of its waters. The diameter of the basin or crater in one 

direction is 5G feet, and 
46 in another. In the 
centre is a pipe 78 feet 
in perpendicular depth, 
and from 8 to 10 feet in 
diameter, but gradual- 
ly widening as it opens 
into the basin. The 
inside of the basin is 
Vhitish, consisting of 
a siliceous incrusta- 
*tion, and perfectly 
smooth, as are two 
small channels on the 
sides of the mound, 
down which the w*ater 
makes its escape when 
filled to the margin. 
The circular basin is 
sometimes empty, but 
is usually filled with 
beautifully transparent 
water in a state of 
ebullition.^ 

56. During the rise of the boiling water up the pipe, especially 
when the ebiHlition is most violent, and when the water flows over 
or is thrown up in jets, subterranean noises are heard, like the dis- 
tant firing of cannon, and the earth is slightly shaken. The sound 
then increases, and the motion becomes more violent, until at length 
a column of water is thrown up pe^endicularly with loud ex^o- 
sions, to the height of 100 or 200 feet. After playing for a time 
like an artificial fountain, and giving off great clouds of vapour, 
the pipe is evacuated, and a column of steam then rushes up with 
amazing force and a thundering noise, after which the eruption 
terminates. If stones are thrown into the crater they are ejected 

Whfit remarkable instance supports the theory of • rolconie cause for 
|iot sprincft 7 

^Deiicribe tlie Great Geyser? 

What is the appearance of the pipe or cavity whence the water is pro- 
i*)cted f 

111 what manner does the projection of water from the Geyser take place ? 

What succeeds to the column of water in this fountain f 
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instantly^ and such is the explosive force, that very hard rocks are 
sometimes shivered into small pieces. Henderson found that by 
throwing a great quantity of large stones into the pipe of Strocke, 
one of the Geysers, he could bring on an eruption in a few nunutes.* 
The fragments of stone, as well as the boiling water, werAhrown 
in that case to a much greater height than usual. After the water 
had been ejecteu, a Column of steam continued to rush up, with a 
deafening roar, for nearly an hour ; but the Geyser, as if exhausted 
by this effort, did not give symptonm of a fresh eruption when its 
usual interval of rest had elapsed.Vj ^ 

51. Sir George Mackenzie describes the continual discharge of 
water and steam from the Great Geys^ during its period of excite 
ment, as resembling the distant firing gf arullery from a ship at 
sea; and he estimates the height of the jet as being at least 90 leet. 
The temperature of tlie water in the pipe, when sufficiently high 
for observation, was found to be 209^ Fahrerineit.^ There are 
several other alternatingihot springs in Iceland, one of which, called 
the New Geyser, fommrly an insignificant fountain, now explodes 
like that already described ; but most of these springs are of 
inferior magnitude to the Geysers. 

52. The distribution of heat in large masses of water, as lakes 
and seas, is much more uniform than in the solid strata. This fact, 
ascertained by Saussure, by means of experiments on the lakes of 
Switzerland between 1777 and 1784, may be regarded as depend- 
ing on that property of water, in virtue of which it acquires its 
greatest density, a few degrees above the freezing point. ^ More 
extensive observations, however, have shown, that while the 
temperature of water varies but little ^tw^ifferent depths in the 
temperate zone, it increases with the depth in the polar seas ; and 
this augmentation of temperature in descending, may reasonably 
be supposed to depend on the influence of central heat. 

53. The Mnperature of the atmosphere, like that of the sqg in 
the equatorial regions, decreases generally with Uie distance from 
the surface. And hence extreme cold prevails at a grreat elevation. 
The tops of high mountains in the torrid zone are covered with 
perpetual snow, and M. Gay Lussac, in his famous aeronautic ex- 
pedition, having ascended ahoui a league and a half above the city 
of Paris, experienced a depression of temperature 12^ centig. below 
the freezing point. At ^eater heights the cold would become 
utterly insupportable. These circumstances depend chiefly on the 

What is the effect of throwing^heavy bodies into this spring ? 

What temperature has the water in this case f 

What is the relative uniformity of temperature in the solid and the li- 
quid parts of the globe 7 

How do waters vary in different latitudes? 

What is the comparative temperature of air in high and in loW situations^ 

• a 


* Journal of a Residence in Iceland, p. 74. 
t l^ell's Principles of Geology, voL ii. pp. 307—309. 
I Mackenzie’s Travels in Icmnd. 
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j of reflecting bodies in the hig^her regions, and the rarity 

which aflords a free passage to the solar rays, deriving 
frdiki them but an inconsiderable augmentation of temperature. 

54. lifwever, though the cold appears to increase with the 
height taVoughout the extent of the earth's atmosphere, ?t is proba- 
ble that there is a linjfit in space beyond which the temperature 
cannot descend. The earth and the other planets may be regarded 
as moving within a medium of uniform temperature, such.as would 
exist within the sphere of urapus, if the sun and all the planetary 
bodies were removed. That ruch a temperature occurs in the 
regions beyond the atmosphere, may be inferred from various con- 
siderations. The innumerably stars scattered through the heavens, 
glittering with light as wy^ behold them, cannot be imagined to be 
destitute of heat, and how feeble soever their influence, in con- 
secfience of their Stance, they must produce some effect on bodies 
in surrounding space. 

55. Admitting, then, that there is an elastic medium beyond the 

atmosphere of the earth, as seems to be proved by observations on 
the periodic revolutions of Rncke's comet,^*it must have a certain 
capacity for heat, like all other matter. But whether the temperature 
of the planetary spaces be caused by radiation from the stars, or be 
regarded as essentially belonging to the elastic medium, the 
mathematical investigation of me state of the surface of the earth 
proves that there must exist a fundamental temperature, indepen- 
dent of the sun or any sources of internal heat ; for otherwise, the 
superficial temperature would be very different, and its decrease 
from the equator to the poles incomparably gp’eater than it is in 
reality. • • 

56. If the earth revolved in a medium absolutely destitute of 
heat, the slightest variations in the sun’s distance would occasion 

^VLat may we suppose to be the conditions of the celestial spaces in re- 
gard to^hanges of teniMrature I 

In what medium do the planets and comets probably move f 

iiow is Uie existence of such a medium proved ? 


* The comet distinguished by the qeme of the German astronomer 
Encke, who first ascertained that it had a comparatively short period of 
revolution, appears to be gradually approaching nearer and nearer to the 
sun in each successive revolution, wfience it follows that it must move in 
a resisting medium. Encke slated (in the Berlin Epheroeris, 1823) as the 
result of his observations, that the periodic time of this comet was shorter 
than that deduced from earlier investimijons. Calculations were subse- 
quently made as to the eflTcct of perturbations of the comet produced by 
its approach to the planet Jupiter, afler making allowance for which, how'- 
cver, It was found that the diminution of ita orbit could only be accounted 
by ihe existence of a resisting medium. ‘*The magnitude of die re- 
stf lance is such, os to diminish the periodic time about 1 -10,000th of the 
iiWioIe at eadi revolution, a quontiw so large that there can be no mistake 
about its exMteiice. The history of this discovery is undoubtedly one of 
the most carious that modem astronomy has presented.*’ — Prtf, Airy on 
Atfronomy^ in Hep. of Brit, Anfoc^or 1832, p. 163. See also Whewell'a 
Astronomy and General Ph 3 r 8 ics, Bridgwater Tr., b. 3, cli. iv. 
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ffensible changres of temperature, and the diurnal alterations would 
be fatal to organic life. These effects must be in some degree modi- 
fied by the presence of tiie atmosphere, yet the comparatively 
small variations of temperature which actually take place are in- 
compatilje with the existence of a degree of cold in the^lanetary 
regions, much^ beyond the freezing point of mercury. On com- 
puting the amount of temperature which tfte medium without thoi 
atmosphere must possess, to account for the existing thermometri- 
cal state of the earth's surface, Baron Fourier found that the 
phenomena are such as would result from the supposition t^at the 
celestial spaces have a temperature equal to 50^ centig., or 58^ 
Fahrenheit below zero. Jt should be remarked, that this theory 
has been to a certain extent confiftned by the researches of M. 
Svanberg, a Swedish philosopher, wlio having investigated the 
temperature of the planetary spaces upon a principal different ^om 
that adopted by Fourier, arrived at nearly th^same conclusion.* 

57. All the phenomena of temperature, as respects the solid 
parts of the earth, the waters, and the atmosphere, seem consistent 
with the hypothesis* of central heat; but there^is an apparent ob- 
jection which demands some notice. It might be imagined that 
the intense heat of the nucleus of the earth is incompatible with 
the present temperature of its surface. But it has been demon- 
strated from mathematical investigation of the laws which regulate 
the propagation of heat, that there may exist, not merely at the 
centre of the earth, but even at comparatively small depths below 
the surface, a temperature sufficient to fuse the most refractory 
substances with which we are acquainted. f 

What connideratioii proves the existencesif s uniform temperature in the 
planetary spaces i What would be the effect of diurnal clianges of tem- 
perature if the earth were in a medium absolutely cold ? 

What actual temperature did the computations of Fourier assign to the 
spaces bey^d our atmosphere ? 

What objection has been raised to the theory of central heat f 


* Foreign Review, vol. viii.pp. 311, 312 ; Pouillet El^mens de Phys. Ex. 
et de M^terologie, tom. ii. pp. o63 — 665. 696 — 700 ; Berzelius’s Annual Re- 
port to the Acadenw of Sciences at Stockholm for 1829; Edinb. Journ. of 
l^ience, vol. iii.. New Series. 

t ** The following are the mosit remarkable deductions mado by Fourier 
from the analytical investigation of the hypothesis of an internal heat- 
Supposing the conducting power of the materials of the earth, to equal 
that of iron, and tbat the temperature increases by I-30th ot a centesimal 
degree for every metre of vertical descent, (about l-18th of a degree of 
Fahrenheit for every yard,) which is the rate indicated by observation 
the enormous heat accumulated in the interior would cause an augiiment 
ation of temperature at the surface, amounting only to a quarter of a de- 
gree above that which is due to the healing efiecta of the sun. This small 
addition to the effects of solar heat is in proportion to the conducting 
powers of the envelope, all other circumstances remaining the same ; con- 
sequently as the oonductibiiity of dw superficial materials oT the earth is 
considerably less than that of iron, the augumentaticfii of t^perature just 
mentioned is estimated too high, and probably does not exceed l-30th of a 
centesimal degree. Hence the effects of a central heat are altogether in- 
sensible at the surface.** — Foreign RevieWt u. a. p. 318- 

2d2 



GEOLOGY. 


818 

68. The admission of an original state of i^eoos fusion of 
m materials composing the terrestrial globe, their gradual cooling 
from the surface towards the interior, and the existence during a 
very nroyacted period of a central nucleus still intensely heated, 
may be granted as probable— not only as being supported by the 
evidence derived from , jthe researches concerning the temperature 
of mines, springs, and waters in general, in various parts of the 
world, of which some account has been given — ^but also because 
it will account for the structura and figure of the earth, as being a 
spheroid of revolution, constituting a mass of matter, the density 
of which increases towards the centre. 

59. To the same cause may be attributed the existence of vol* 
canos widely distributed over the globe, and manifesting a com- 
mon and deeply-seated origin; and thd occurrence of thermal 
spriags having theiioeources far beneath the surface, and sometimes 
appearing at a distance from the craters of volcanos, though 
probably in general more or less connected a*ith them in the bowels 
of the earth. To. the evidence for the existence of central heat 
derived from these considerations, may be*added the proofs, that 
in the temperate and frigid zones of the earth a temperature pre- 
vailed, at a very remote period, equal if not superior to the utmost 
beat of the torrid zone at present ; and such as was adapted to 
call into existence a ptofusion of organic beings, both in the animal 
and vegetable kingdoms, on a moat gigantic scale. 

60. ‘‘As there 18 great difficulty of conceiving any other than 
the igneous fluidity of our planet previous to the consolidation 
of its surface, and as fluidity seems essential to the figure of the 
earth, it has been suggested that the earliest transition from a 
liquid to a solid state, consequent on the radiation of heat, would 
take place at the equator, and that masses of the solidified crust 
woula float upon the incandescent fluid beneath.* The fluid mass 
would necessarily be infinenced by tides : therefore so long as the 
solidified crust was too thin to resist the effects of this cause, it 
would be broken im into fragments, the precursors of those of 
which the solid surface of our globe is every where composed.** 

61. When the surface of England is minutely examined, there 
is found scarcely any area of eight ov ten square miles in extent 
which has not been fractured or broken up into minor portions, by 
causes, that have acted at various geological epochs. What is thus 
true of England is found to be also generally true of the whole sur- 

Whst facts, besides the observed tempen^tures of the earth, favour the 
supposition of igneous fusion at the centre 1 

What was fbnnerly the temperature of the present northern frigid zone f 

Wliat proves such to have been its state in regard to heat? 

What part of the earth’s surface may we presume to haveheen first so- 
lidified f 

What appear to hp th® relative ajlbs of the fractured portione of the 
earth’s surface ? 


* Croiset et Jobert Recherches sur let OssemeneS Forailei do Dep do 

Puy de^Dome. 1828. 
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files of our continents and islands, when examined with the neces- 
sary attention. Sometimes a more modem deposit may mask the 
suiface broken into fragments, the former not having been yet acted 
on by disrupting forces ; but when rocks, on which suclwdeposits 
rest, are exposed by denudation of any kind, either in r^ines, or 
over a certain* extent of horizontal area^ they will be found 
fractured. 

62. There must have been inequalities in the earth's surface 
from its earliest consolidation. The radiation of heat, and the ne- 
cessity of the exterior solid crusUconforming to the fluid surface 
beneath, could not have done otherwise than produce them. Hence 
M. Elie de Beaumont's theory of the^levation ol mountain chains, 
which rests on the necessit^r of the •earth's crust continually 
diminishing its capacity, Notwithstanding the nearly rigorous con- 
stancy of its temperature, in order that it shouAd not cease to em- 
brace its internal mass exactly, the temperature of which diminishes 
sensibly, while the refrigeration of ttie surface is now nearly in- 
sensible.* 

Infiutnet of Existing Causes on the Structure and Conformaiion of 
the Surface of the Earth. 

63. The terrestrial globe, the general dimensions of which have 
been already stated, is composed of various kinds of matter sub- 
sisting in the solid or fluid state, and encompassed by an atmos- 

5 here of elastic or gaseous fluids, of uncertain extent, but gradually 
ecreasing in density as it recedes from the earth's surface* The 
Ruperflcial distribution of land and wate» is extremely irregular, 
and the area covered by the latter far exceeds the space occupied 
by the former, which probably does not amount to more than a 
fourth part of the entire surface. A larger portion of dry land is 
found in thd northern hemisphere than in the southern, thab part 
of the globe which is to the south of the equator being chiefly 
covered by the sea, while to the north of the line sea and land are 
more equally distributed. 

64. The surface of the earth exhibits abundance of obvious 
irregularities, or elevations and depressions, the land rising into 
mountains in some places, and sinking in others into glens and 
valleys ; and in the parts under the sea similar inequalities of level 
are found to exist. But though this diversity of configuration ap- 
pears sufficiently striking when viewed in detail, yet a litde con- 
sideration will evince that these irregularities are quite unimport- 

Why is this circumstance not generally obvious f ^ 

What is Beaumont’s view of the origin of mountains f 
What is the relative area of land and water on the surfiMOpf the globe? 
What is the form of the bottom of the ocean f . \ 

How are the irregularities of the earth's surfime in oompanson with Us 
whole diameter? 


* De la Beche's Geological Researches, chap iil. pp 46, 40. 
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ant vrhen estimated with reference to the magnitude of the ter* 
restrial spheroid. 

65. The loftiest peaks in the world are supposed to be those of 
DwalagiTMand Chandradabani, in the Himalaya range of mountains 
north of Hindostan, said to be about five miles above tha level of 
the sea ; and on the opposite surface of the globe a{e the summits 
of Chimborazo, Illimani, and Sorata, in the ridge of the Andes, 
the height of which is probably somewhat more than four miles 
above the sea. The depth of the ocean beneath its common level, 
it is manifest, can only be calculated conjecturally, beyond those 
points which can be fathomed with the sounding line ; but from 
calculations founded on astrqpomical data, Laplace inferred that 
its mean depth was a smal^ fraction of 25 miles, the difference in 
the diameters of the earth, owing to the compression or flattening 
at the poles.* It lias been variously estimated at between two 
and three miles ; and it may be reasonably concluded that the bot- 
toms of the lowest submarine vallies, or caaities in the bed of the 
ocean, do not rea^h further beneath its surface than the summits 
of the loftiest mountains extend above that level. 

6G. If, then, five miles be assumed as the height of the most 
exalted protuberances, and also as to the depth of lowest depres- 
sions on the solid surface of the earth, the utmost inequalities of 
level cannot exceed ten miles, which will be little more than 
part of the diameter of the globe. But the sea covering so large a 
portion of the exterior of the earth, causes the whole mass to as- 
sume the form of a nearly perfect spheroid, irregularly dotted with 
relatively minute points, the mos^considerable of which protrudes 
about of the earthls diameter above the common level of its 

surface. Hence, our planet viewed from the moon, must, like that 
satellite, exhibit a circular outline. 

67. The uneven figure of the earth’s surface has been compared 
to tbs' little risings and indentations on the rind of an*orange, but 
with reference to the diameters of the two bodies, the irregularities 

What is the actual lieiaht of the highest mountains ? 

What is the probable depth of the lowest ocean vallies? 

How would the earth’s surface appear# when viewed from the moon or 
a planet ? 

* “ On a regard^ long-temps la profbndeur de la mer comme incalcula- 
ble, on la disait immense. 11 est vroi que par rapport k nous elle est tr^ 
grande, qu’elle est incommensurable m^caniquement par nos appareils les 
plus pertectionds, et quoiqtie Vdtendiie d^ rdgions marines dont on n’a 
pu trouver le fond soil trds-vaste, on ne doit pas en conclure que ce fond 
irexiste point. L’astronomie modeme, aidee des grandes lois de la gravi- 
tation iinivcreelle, nous a d^voild ce mystdre, et M. de Laplace a demon- 
tr6, par rinfluenco que la lune et le soleil exercent sur notre plandte, que 
la profondeur moyenne de la mer ne pouvait d^passer 8000 mitres, (envi- 
ron 40W toisM.) ' Apisi les plus hautes montagnes s’ilevent au-dessus de 
la surface des eaux, k la mime distance que les abimes de Toedan s’en- 
ioncent dnns rintirieur de la terre.” — Resume d*un Court JElimentaire do 
Okoffraphie Physique, par J. V. F. Lamouroux, Prof, d'Hist, Nai 

a Coep, 1821, Bvo. p, 166. 
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cf the latter exceed those of the former beyond all proportion ; for 
if the mountains and valleys of the earth were modelled according 
to the exact ratios of their respective heights and depths, on the 
surface of an artificial ^lobe one foot in diameter, they^ould be 
hardly, iPat all, perceptible. ^ 

68. The sur&ce of the earth both above agd beneath the level of 
the sea presents a considerable variety of conformation and arrange-^ 
ihent. The higher parts of the land consist of rocks and mountains, 
disposed in ridges, like the Alps, the Pyrenees, and the .Andes, or 
in detached pealcs and head]ands,«8 the Peak of TeneriSe, apd the 
Table Mountain at the Cape of Good Hope. Low lands may form 
extensive plains, or wide sandy desegts, and marshy tracts, or lines 
of coast descending to the level of the aea* Ravines, hollows, and 
valleys, may occur at various heights, rivers sometimes flowing 
through them to their termination in lakes and OBas. As to the SDrin 
of the solid surface covered with water, some interesting circum- 
stances have been observed. There can be no doubt but me bed of 
the ocean varies in l^vel in some measure like (be dry land. The 
numerous islands scattered through the deep are obviously the 
higher parts of submarine eminences, those portions of which that 
are under water sometimes farming sloping banks, and sometimes 
abrupt and perpendicular precipices. The declivities, however, 
except around coral islands, are not probably, in general, very 
steep. 

69. ^^The soundings round coasts,^* says Mr. De la Beche, 

present us with no lines which we might consider to be those of 

▼alleys, but with extensive areas, which would, if raised above the 
level of the sea, form great plains, with, here and there some minor 
elevations and deeper depressions, the latter generally in the form 
of basins. There are indeed some long trougn-like cavities in the 
North Seas^ named the Silver Pits, but they present us with nothing 
like a system of valleys resembling those on dry land. If the Rritisn 
Islands were elevated one hundred fathoms above the level of the 
ocean, and thus joined to the continent of Europe, they would be 
surrounded by an extensive area of flat land ; for the fall from 
the present coasts to the new sea-coast would be generally so 
gradual as to present to the 4!ye one great plain.*** Ine area thus 
described, in which the sea is in general about one hundred fathoms 
in depth, is bounded on the west and north-west by a line inclu- 
ding the British islands, and passing round them from the coast of 
France to that of Norway ; and terminating towards the open sea 
by a slope, sinking in a iSomparatively rapid manner into deep 
water. 


How may the alight irregularities of the earths surface be illustrated ? 
How may we regard the islands of the ocean ? 

Of what form are generally found the bottoms of seas in the neigbc^pr- 
hood of continents aM islands f % ^ 

How is this illustrated in the north sea and other parts of the ocean 
west of Europe 7 


* Geolog. Researches, pp. 189, 198. 
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70. It is a curious fact, that there are coutinental portions of the 
earth^s surface considerably below the common levei of the ocean. 
MM. Parrot and Engelhart appear to have made the discovery, 
that the Caspian Sea and Lake Aral are beneath the level of the 
Mediterr^iiean ; and M. de Humboldt ascertained that this depres- 
sion extends to an extensive territory, about 18,000 square leagues 

«iiin surface. This tracC forms an immense basin, Che lowest part 
of which is occupied by the Caspian Sea. The surface of that sea 
is 331 feet beneath the level of tne Mediterranean, 320 feet below 
the level of the Black Sea, ana that of Lake Aral 203 feet ; the 
latter,* * as appears from the recent measurement of Captains Duha- 
niel and Anjou, being 117 feet above the level of the Caspian.*** 

71. As there is abundant eVidence that those parts of the earth 
constituting the present cofttinents and ia^ands have been at some 
period or other covejpd by water, so it may be concluded that much 
of the bed of the sea was once dry land ; and indeed large tracts 
have been submerged within the period of historical record. M. 
Ue la Beche remarks, that ^^dry land can only be considered as so 
rnuch of the rough surface of our globe as'may happen, for the 
time, to be above the level of the waters, beneath which it may again 
disappear, as it has done at previous dilferent periods.”! 

General View of ike^Preaent State of the Surface of the Earth. 

^ 72. The exterior of the earth not only exhibits numerous varia- 
tions of level, but it likewise shows a diversity of structure and 
composition. Independent of the superficial covering formed from 
the mixture of decayed animal ana vegetable bodies w'ith sand, 
clay, and other materials', arising from the disintegration of stones 
and rocks, and serving as a nidus for the production and support 
of a continual succession of plants of every kind, from mosses, 
fungi, and grasses, to the noblest trees of the forest, there are many 
peculiar stratified or massive formations,! sometimes extending 

What curious fact did Parrot and Engelhart discover respecting Uie in- 
land seas of Asia ? 

How nre we to regard the dry land of the globe ? 

Of what is the exterior crust of the earth composed 

What is meant by the tenn formation i I Note,) 

* Humboldt Fragmens de Geologie et Climatologie Asiatiques, tom, i. 
pp. 9. 91. 136. 

t Geolog. Manual, p. 2. 

t “ In geognosy the word formation either denotes the manner in which 
n rock has li^en produced, or /7 deeignatea an aasemtilage of mineral maasee 
so intimately connected^ that it is auppoaed they were formed at the aame 
epochs and that the if present in the moat diatant parts of the earth ike same 
general relations^ hath of composition and of situation with respect to each 
othcr^ Thus the formation of obsidian and bawlt is atlributea to subter- 
ranean firc»s; nnd it i j also said that the formation of transition clay-slata 
contains Lydian stone, chiastolite, ampelite. and alternating beds of black 
limestone and of porphyry. The first acceptation of the word is the most 
conformable to the genius of the French language ; but it relates to the 
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oYer vast tracts of country , and sometimes inteurupiedt mixedf and 
modified, producing new combinations, and by their various 
arrangements composing the solid crust of the earth, commonly 
more or lesscoverea and concealed by vegetable mould and verdure, 
but occasionally by barren sands or clay, or appearing ii^the form 
of rug^d, naked, or snow-clad rocks and mountains. 

73. These fbrmations, consisting respecSively of series of rocks^ 
in a certain order of superposition, have been arranged by geolo-^ 
gists in groups, distinguished with reference to the supposed time 
or mode of their production : thus lome are designated as primary, 
secondary, and tertiary; and sdbie as sedimentary or votcanic. 
From examination of the surface of the earth, it appears that the 
strata or masses of rocks composini^ formations ana groups have 
suffered numerous dislocations and interruptions, indicating local 
and general disturbances, the investigation of the nature and causes 
of which may advantageously precede mord^full and particular 
descriptions of the several groups, formations, and rocks, of which 
the crust or exterior portion of the terrestrial globe is composed. 

74. Whatever ms^^have been the cause of fhe original forma- 
tion of the oldest rocks, whether with the Wernerians we ascribe 
them to aqueous solution and crystallization, or with the Hutto- 
nians to igneous fusion, their production necessarily infers a con- 
currence of circumstances no longer exi8tin|r. The case is different 
with respect to the superior strata composed of the ruins of the 
older rocks, and which, from their containing imbedded both 
animal and vegetable remains, must obviously have been formed 
at periods subsequent to the origin of organized beings. There- 
fore as the structure and arrangement of such rocks may be sup- 
posed to have been influenced by cafhstls having some analog 
with the existing order of things, an inquiry into the nature and 
extent of the changes now gdfng on upon the earth’s surface may 
be expected to throw some light on the geognostic history of those 
formations which took place long before me human specift was 
called into existence. 

What is signified by a group in Geology? 

Whatdiflbrent names are given to the respective groups of formations ? 

What changes have been produced in the different formations f 

How do the superior strata of the earth differ from the inferior f 


origin of things, and to an uncertain science founded on geogonie hypo- 
theses. The second acceptation, now generally received by the French 
mineralogists, has been borrowed from the celebrated school of Wemer, 
and indicates, not what was supposed to have been, but what now exists. 
In the geognostic description or the globe, we may distinguish different 
modes of grouping mineral substances as we ascend to more general ideas. 
Rocks which alternate with each other, which are found usually together, 
smd which display fhe same relations of position, constitute the same for^ 
malion — the union of several formations constitutes a geological series, or 
group, (ferratn ;) but the terms rocks, formations, anifj Icrrat^^s, are used as 
synonymous in many works on geognosy .’* — HumbMCu Oeqgnosftcol 
JEfway on the Superpotiiion of Roona translated from the FrencEu 1823. 
page. 1. 
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Infixuntt of Waier^ and Volcanic Fire^on the Surface of the 

Earth. 

75. Many of the changes that are affected on the superficial 
portion cf &e globe, are either directly or indirectly owing to the 
operations of man : the cutting down of woods and forests, drain- 

.^ing lakes and marshes; recoYerin^ tracts of land by embankment 
from the sea, IsYelling, mining, digging canals, constructing roads 
and causeways, wiui Tarious other works that result from 
human skill and industry, coihribute more or less to produce al- 
teratifins on the face of the earth"^; but their agency is either remote 
and contingent, or comparatively insignificant, and therefore need 
not be particularly investig«tea. It is of more importance to 
consider the influence of %he elements displayed on a far more 
extensive scale w^ regard either to time or space, and pro- 
duefng correspondent effects. 

76. Air, water, heat, and perhaps electricity, sometimes acting 
slowly and mdually through long periods, may modify or change 
the form and conSiitution of substances composing the solid crust 
of the earth ; and on other occasions display overpowering force 
and violence, mving rise to storms and hurricanes, tides, currents, 
torrents, and deluges, earthquakes and volcanos, spreading deso- 
lation and min over wide tracts of land, breaking up and displac- 
ing existing strata, or covering them with beds of new matter, re- 
placing valleys by mountains, or mountains by valleys, and thus 
produmng strange metamorphoses in the appearance of those 
countries over which their influence extends. 

77. These powers of nature, however, are not solely active in 
works of destruction, theiV agency sometimes being productive 
of new formations. Air and beat may occasionally operate in 
this way, but the formative effects ofHSater are more obvious and ex- 
tensive. Rivers deposit sands, detrital matter, and silt, filling up 
laked;and constituting deltas on the margpn of the sea, or shoals, 
sandbanks, and islands rising amidst its waves; lapidescent 
springs yield deposits of siliceous earth, tufa, travertin, and 
stalgctitio limestone ; and the water of the sea in some manner 
facilitates the operations of the litde animals employed in build- 
ing coral reofn and islands. 

78. The influence of the atmosphere in modifying the surface of 
the earth, whether destructive or formative, may depend eitheLon 
the chemical or the mechanical properties of Uie aerial fluids of 
which it is composed. Air must be a powerfol chemical agent, in 
consequence of its containing oxygen and carbonic acid. The action 

Of what inmorlance are the labours of man, considered as modifying 
llie surface of the globe ? 

What are some or the active causes which change the exterior condition 
of :he earth f* 

What is aix:mg thu most efficient of these causes? 

To what properties does the air owe Its modifying Influence on flie enut 
of the earth f 
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of oxygen may cause the disintegration of rocks in which metals 
and metallic sulphurets are included ; andy by its universal affi- 
nity for other bodies, it may give rise to numerous decompositions 
and combinations, ^e modifying effects of which must be alike 
extensive and important. 

79. ^ Carbonic acid, which is constantly present in the atmos- 
phere in a relsilively small proportion, occurs abundantly in cer- 
tain situations, being given off from the surface of springs, or 
issuing from fissures in the earth, dt is chiefly evolved in coal-pits 
and in volcanic districts. Among the most noted natural labora- 
tories of carbonic acid, is the Grotto del Cane, near Naples, tHh phe- 
nomena of which have often been defcribed : and many others occur 
in different parts of the world. Tht^gas is disengaged in vast 
quantities from every psRrt of the Limagne d’ Auvergne, in France, 
where it appears to have been produced in e^al abundance from 
time immemorial. This elastic fluid being invisible, it is Only 
observed in conaequeOce of its effects, as when an excavation is 
made, in which it accumulates, and a lighte^ candle or other 
burning body introdiflsed into it becomes extinguished. There 
are some springs in this district, where the water is seen bubbling 
and boiling from the copious disengagement of this gas. It has 
an obvious effect on the vegetation, many trees, as the walnut, 
flourishing more luxuriantly than they would otherwise do in the 
same soil and climate, probably owing to file rapid absorption or 
decomposition of carbonic acid. This gas is round in springs 
issuing from granite, near Clermont, as well as from the tertiary 
limestones of the Limagne.* 

80. In the environs of Pont-Gibaud, AOt far from Clermont, a 
rock belonging to the gneiss formation, in which there are lead 
mines, has been found quite saturated with carbonic acid, which is 
continually given off in Uie gaseous form. The carbonates of iron, 
lime, and manganese, are so dissolved, that the rock is rendered soft, 
and the quartz alone remains unattacked.f Dolomien notices the 
frequent evolution of carbonic acid in the vicinity of Mount Etna, 
and especially near Paterno. An immense quanti^ is disen- 
gaged from the surface of a cold spring called Aequa Rona^ to the 
water of which it communicates a powerfully acid taste, and 
gives it the appearance of ebullition. This gas seems to be pure 
carbonic acid, proving suddenly fatal to animals that respire it, 
many being tempted by the freshness and limpidity of the water, 
shaded by hushes and reeds, to quench their thirst. Hares and 

How is the importance of carbonic acid proved ? 

In whatpaiticular localities does it abound.? 

What efiect does it produce on the appearance of springs f 

What description has been given of me Acqua Rotm f 
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birds are often found dead on the banks of this spring/** Similar 
effects are stated by MM. Bischof and Noggerath to be produced 
by the exhalation of carbonic acid from the vicinity of the lake of 
Laach» quantity of which has been estimated at 600,000 pounds 
a day. 

81. In the Brohlthal, on the Rhine, an old Tolcanio^countrjr, 

- there is a oonsiderablb evolution of carbonic acid which is 
employed by M. Bischof in the manufacture of memical pre- 
parations on a large scale.f Near Fort Diadine, on the Eu- 

g hrates, in Armenia, are minei^ springs, imbreOTSted with car- 
onie acid and sulphuretted hydrogen, two of which are remark- 
able for the deposition of large quantities qf carbonate of lime. In 
the environs of these two springs the limestone contains much 
native sulphur, which for' a iong time was collected ; but, the 
carbonic acid arising having suffocated inany of the workmen, 
the* undertaking was abandoned. The acid gas issues in this 

X Iace from the bowels of the earth in such^jpreat quantities, as to 
11 the caverns and neglected excavations, forming numerous strata 
of livid vapours. ' It is sometimes evolved ,vfith so much rapidity 
through the clefts as to produce a strong current and a hissing 
noise. Small birds seeking refuge in these caverns, or coming 
near the fissures, are suddenly stifled.^ 

82. But perhaps the most extraordinary phenomenon of this 
kind in the world is the Guevo Upas, or Valley of Poison, in the 
Island of Java, the deadly effects of which contributed in no small 
degree to give currency to the fabulous report of the existence of 
a wondermi tree called the Bohun Upas, so fancifully described 
by Dr. Darwin, in his ** .Botanic Garden.** The district in which 
this valley is situated was visited by Mr. A. Loudon, who states 
that it is three miles from Balor, on the road to the IBung. He des- 
cribes it as about half a mile in circumference, of an oval form, 
from, 30 to 35 feet in depth, and quite flat at the bottom ; destitute 
of vegetation, being covered with skeletons of human beings, tigers, 
hogs, deer, peacocks, and various sorts of birds, which have 
perished by entering into the atmosphere of carbonic acid, with 
whi^h the lower part of the valley is filled. There were no visible 
openings in the ground at the bottom, which appeared to be of a 
hard sandy substance. The sides of the valley are covered with 
trees and shrubs ; and it may be concluded that the gas does not 
rise above 18 feet from the bottom, as Mr. L. and others with him 

What practical use is sometimes made of carbonic acid naturally de- 
veloped f 

DMcribe the Valley of Poison. 

How high does the carbonic acid of that valley probably rise T 

^ Memoirs *ur les Isles Ponces ; et Catalogue Raisonnde de Produits de 
I’Etna. Parii9l788.« p. 364. 
t De la Beche's GboI. Man., pp. 154, 155. 

t Bou4 Memoirss G4ologique8 et Paleontologiques. 1832. tom. i. p. 281. 
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descended to that depth, where they experienced no difficulty of 
breathing or inconvenience, except that which arose from the 
olfensive odour of the putrifying bodies below.* No smell of 
sulphur, or traces of volcanic matter were observed ; but there 
can be nojdoubt but the production of carbonic acid in this situa- 
tion is connected with volcanic influence, uPhicb extends through- 
out Java, and niany of the neighbouring islands. 

83. The effect of carbonic acid, as a chemical agent, both as 

commonly present in atmospheric *air, and as more abundantly 
occurring in such localities as tflose above described, moat de- 
pend on the nature of the rocks and other bodies with which it- 
may come into contact. It may thus cause the decomposition of 
granite, gneiss, and othe[ feldspathic iffid micaceous substances, 
by combining with the potash, soda, or lithis)^ which enter into 
tbeir constitution. On the contrary, when it encounters limsior 
magnesia, it majr contribute to the j^roduction of new rocks. 
*^l%e disintegration of granite is a striking feature of large dis- 
tricts in Auvergne, especially in the neighbourh&od of Clermont. 
This decay was called by Dolomieu, Ma roaladie du granite;* and 
the rock may with propriety be said to have the mf, for it crumbles 
to pieces in the hand* The phenomenon may without doubt be 
ascribed to the continual disengagement of carbonic acid gas from 
numerous Assures.*’! « 

84. The chemical action of carbonic acid, as it exists in the 
usual state of the atmosphere near the earth’s surface, though 
much more gradual, and therefore less noticed than were it 
copiously evolved from the water or soil, as iu volcanic countries, 
is yet sufficiently powerful to produce* a ^manifest effect on . the 
structure of large masses of granite and rocks of analogous com- 
position. In the western parts of Great Britain where primitive 
formations prevail, granite masses not uiifrequently occur, w^ich 
from their peculiar forms received the Celto^mric appellations of 
logan, tolmen, and kistvaens ; and were by Dr. Borlace and other 
antiquaries long regarded as works of art of Druidical origin ; but 
these rocking-stoiies, rock-basins, cheese-rings, and altars, are now 
generally admitted to be blocks of granite, which have acquirad 
their respective forms in consequence of superficial decomposition 
or disintegration. The manner in which this takes place may be 
illustrated by the following figure of a group of such decaying 
rocks, forming a part of Great Staple Tor, on Dartmoor, in Devon- 
shire, seen from the south-west.^ 

I 

On what sources does the large supply of this gas depend ? 

To what cause may the disintegration of granite be ascribed f 

What is the probable origin of rockingnitones and other detached massea 
of granite f 

— — ■■■ ' ■ '1 ■ tr » ■ ■■ — — ■ 

* Journal of Geographical Society, vol. ii. 
t Lyell’s Prin. orGm*. vol. i. p. 317. 
t From De la Beche’s Geological Resea^hes. 
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85. M. De la Beche remarks, that it ia * * ^more like the remains 
of some huge building or battihment, than the elOTect of cleavage 
and decomposition, which it is.*** Granite is not generally regarded 
as a stratihed rock like gneiss and mica slate ; but it is a fact well 
known to the workmen who are employed in quarrying and cuN 
ting it, that it has what they term a grmn, or that it will split in 
one or two directions more easily than in others.* This, doubt* 
lesq^ is owing to tVfe arrangement of the mineral bodies of which 
it is composed, and especially the feldspar, the decomposition of 
which must essentially aid the process of disintegration, and de- 
termine in a great degree the direction in which it takes place. 

^ 86. There are other gases which are copfously eyolved in some 
situations, and particularly in the vicinity of volcanos. Dolomieu 
states, that he ascertained the presence of sulphurous acid, mii- 
riatio acid, hepatic gas or sulpnuretted hydrogen, phlo^sticated 
or nitrogen gas, and Inflammable air or hydroj^n, as wml as car- 
bonic acid, in the exhalations from the sur^e around Mount 
Ktna^ and other observers have noticed the occurrence of chlorine 
gas. But the most abundant of the spontaneously produced gases, 
next to carbonic acid, probably is carburetted hydrogen, well known 
ns an agent of destructibm in coal-mines. It is likewise some- 
times emitted from the surface of the soil, or of springs and wells. 

87. The country around Baku, on the western shore of the 
Caspian Sea, is remarkable for its numerous mud volcanos and 
fountains of naphtha, the soil apparently being every where im- 
pregnated with bituminous matter. About ten miles to the north- 
east of Baku are many old temples of the Guebres, or fire- 
worshippers, in each of which there is a jet of inflammable gas 
issuing from apertures in the earth. Within an area of two miles 
ill circumference, if holes be made hi the earth, gas immediately 
rises, and may be set on fire by a lighted torch. The inhabitants 

What IB the appearance of Great Staple 7hr f 

What character does granite manifest when we attempt to divide if me- 
chanically ? 

What gaaea are evolved from volcanos 7 

Which two of these are most abundant f 

What peculiar appearance baa been observed west of the Caspian Sea 7 

* Dr. Boase, who, from analogy of structure between granitic and schis- 
tooe rocks, iiffers their common origin, has adduced suflicient evidence of 
an approach* to stratiflcalion in the fi>rmer. See his Treatise on Primary 

Geology. 1834. ch. vi. ^ 

t Mdinoire surles Isles Ponces, pp. 360—363. 
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fix hollow canes in such holes, and light the stream of gas from 
the top, availing themselves of the light and heat for domestic 

S OSes. The flame is easily extinguished by plugginjj^ up 
*.e of file tube. Besides the sacred and domestic fires, there 
is a large one which springy from a natural cliff in an open situa- 
tion, and which burns continually. 

6B. Mr. Kinneir states, that the whole counti^ round Baku has 
at times the appearance of being enveloped in flames. ** It often 
seems,** he says, ** as if the fire rolled down from the mountains 
in large masses, and with Incredible velocity ; and during the 
clear moonshine nights of November an^ December, a bright blue 
light is observed at time^to cover the whole western range. T^is 
fire does not consume, and if a person finds himself in the middle 
of it no warmth is felt.*** 

89. Captain Beaufoit describes an ignited jet of inflammable 
gas, called the Yanar. near Delictash, on the co^t of Karamania, 
ancientl}' perhaps the object of religious veneration. He states, 
that in the inner comer of a ruined building, the wall is so un- 
dermined as to leave an aperture of about three feet in diameter, 
and shaped like the mouth of an oven : from this the flame issues, 
giving out an intense heat, yet producing no smoke on the wall.** 
^ough the wall was scarcely discoloured? a little caked soot 
appeared in the neck of the aperture. *^rhe hill is .composed of 
crumbly serpentine, and loose rocks of limestone. At a short 
distance down the hill there is another aperture, which, from its 
appearance, may have given out gas. Yanar is supposed to 

be 4 >f ancient date, Pliny having described a similar phenomenon, 
probably with reference to this spot.f Such jeta of inflammable 
gas have been observed in a mountain in the island of Samos, in 
a temple at Chittagong in Bengal, and near salt springs in C^ina. 

90. Both in Europe and America the spontaneous production 
of carburetted hydromn has been taken advantage of for ^ono- 
mical purposes. In the salt mine of Gottesgabe, at Reine, in the 
coun^ of Tecklenberg, there is an opening called the Pit of the 
Wind, from which a continuous current of this gas has issued for 
sixty years. M. Roeders, inspector of the mines, has, for a few 
years past, emplOTed this natural gaslight for the purposes of 
illumination and for cookery.^ 

. 91. Near the village of Fredonia, New York, are a number of 

what are Called burning springs ; and gas issues from them, which 

To what useful purpose is it apfdied f 

What peculiarity belongs to the Baku gas fires? 

What IS the situation and appearance of the Yanar f 


• See Hanway*s Travels in Persia, arol. i. ; Geo. Foister's 'I'ravels over 
land to India; Macdonald Kinneir’s Geographical Memoir on Persia; 
Engelhardt and Parrot's Travels in the Crimea and Caucasus in 1815, voL 
; and Humholdt Fragmens Asiatiques. * * 

t Karamania, or. Britf Description of Che Coast of Asia Minor. 1817. 
i Edinb. Journal of Science, No. xv. p. 183. 
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ts collected in a ffasometer, and conveyed by pipes to the villagOv 
which is thus lira ted. The same kind qf gas is evolved more 
copiouslyiin the tied of a stream about a mile from the village. It 
consists of carburetted hydrogen, supposed to be derived from 
beds ot bituminous codl.* A current of gas resembling this last 
was discovered in 1828, in the bed of a rivulet which crosses the 
north road between Edinburgh and Glasgow, about seven miles 
from the latter city. It is said (o be emitted for more than half 
a milG along the banks of the rivulet ; and in one place, where 
many Jets issued within a yard square, it was set on fire, and 
burnt uninterruptedly during five weeks, giving the clay soil the 
appearance of powdered brfiric.f • 

92. The extrication of indammable ^ses from the bowels of 
the earth is interesting, as tending to illustrate the peculiar geo- 
logical structure of various distant portions qf the earth’s surface; 
and the gases issuing from volcanic districts must have some in- 
fluence on the natire of the minerals occurriilto in such situations ; 
but the quantities in which, they are thus produced are relatively 
Insignificant, and their formative or destructive effects must take 
place to an extent far inferior to those occasioned by oxygen and 
carbonic acid. 

93. Gases are not «ihe only kinds of foreign matter contained 
in the atmosphere, which forms a receptacle for all such bodies, 
whether fluid or solid, as are at any time exposed to its action, 
and are rendered capable of elevation by their inferiority of spe- 
cific gravity. Water, Ijpwever, appears to be the only kind of 
matter which occurs in sufficieut quantities in the atmosphere, to 
produce any considerable effect on the surface of the eartli in con- 
sequence of its chemical properties. From its solvent power it 
must materially aid the operation of carbonic acid in Jlhe decom- 
position of rocks, and that property alone, as it is widely dis- 
persed, and in some places in neat abundance in the lower strata 
of the air, renders it a formidable agent of destruction. 

94. It has sometimes been supposed that the atmosphere ab- 
stracts water from the sei^ holding solution muriatic acid or 
salts. But from the experiments of M. Roubaudi at Nice, on the 
coast of the Mediterranean, it appears that when the sea is calm, 
the air on the sea-shore and over the sea, contains neither muriatic 
acid nor muriates, though when the sea is rough, and particularly 
if the wind is high, particles of sea-water, in a state of great 
tenuity, float in the air, but the distance to which they may be 

What use is made of the carburetted hydrogen from natural sources T 

What is the probable influence of inflammable gases, compared with 
that of oxygen and hydiwen ? 

What is thn relative influence of moisture on the texture of the earth’s 
surface ? 

What is the condition in regard to freshness or saltness of water evapo- 
rated from the ocean I 

" *— ■ ' . ■■■ ■■'■■■ y ■ t -- " -I , . ■ 

*<.Edinb. Joiun. of Science, No. xv. & 183. 
t £dinb. Journal of Science, No. l.,N. S. pp. 71— 75w 




SHOWER OF VOLCANIC DUST. 3S1 

carried inland, will necessarDy depend on the force and directio!i 
of the wind.* 

95. The action of the atmosphere on the superficial strata of 
the earth varies according to the circumstances under which it 
takes place, ^hen it is in a state of repdse its effects must prin- 
cipally depend on its properties as a chemical agent ; and these 
have been already noUced. Air«,when in a state of agitation, as 
during the prevalence of wiiidsgatorms, tempests, hurncanes, and 
toriiad^us, becomes a mechanical agent of vast power; bu^its in- 
fiuence is so generally blended with that of aqueous showers and 
cuir|M8, that it is difficult to ascertain the exact extent to which 
it oj^rates ; and as the»8ubject of aerial oscillations and disturb- 
ances belongs to meteorology, a few obseijations only will be 
requisite here relative to the effect of commotions in the atmos- 
phere on the surface^f the earth. 

96. Even when the air is perfectly still, th^ power of gravita- 
tion necessarily caifb^s the ascent of all loose bodies from the 
earth, which are inferior in specific gravity to the lower aerial 
strata, and extremely minute particles of heavier matters are also 
elevated, probably from tlie action of temperature, producing mode- 
rately ascending currents. It is in consequence oi their wonderful 
tenuity, that the seeds of cryptogamous plants, as mosses, fungi, 
and lichens, are often transported to great distances through the 
air, and thus such plants are found vegetating in situations in 
which it would be impossible otherwise to account for their exist- 
ence. The sporules of fungi,’* obsq^rvgs Fries, are so infinite, 
that in a single individual of Meticularia fnctxima^ I have counted 
above ten millions, and so subtle as to be scarcely visible, often 
resembling thin smoke, so light that they may be raised, perhaps, 
by evaporation into the atmosphere, and dispersed in so^many 
ways by the attraction of the sun, by insects, wind, elasticity, 
adhesion, &c., that it is difficult to conceive a place from which 
they may be excluded.”f 

97. To what great distances heavy substances in a state of minute 
division may be conveyed through the air, will appear from the 
following observations, made at Barbados, during a volcanic erup- 
tion in the island of St. Vincent's, which is about seventy miles 
directly .westward from it: **In the night preceding the 1st of 
May, 1812, the inhabitants of the garrison of Bari>ados were 
alarmed by the noise of explosions from the westward, which 
seemed to proceed from fleets engaged at sea in that direction. At 
two of three in the morning there was a strange sort of dust drop- 

On what two principles does the modifying action of the air depend ? 

How is the ascent of bodies in the air to be accounted fbr ? 

What evidence have we of the transportation veget jble and other 
substances through the airf 

What striking examples can be cited of the transportation of heavy 
materi als through the air? 

* Journal de Pharmacia. 1833. 

t Lindley'a Introduction to Um Natural System of Botany. 
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Dlntg; from the air, which increased as the morning advanced. 
When daylight appeared, a large body of vapour appeared to the 
northward of the east, slowly advancing over the island, pro- 
ducing, in a manner sufiviently obvious, a darkness in the quarter 
from which it came, carrying before it a bright portibn of 4he sky, 
bounded by an apparently circuiar line of dimensions successively 
diminishing until entirely shut ih, and complete darkness covered 
all things. The ordinary darkness of night, always illuminated 
more or less by starlight, was not to be compared to this. It was 
total and absolute. The eye oould not see the hand. It was an 
Egyptian darkness that mi^t be felt. The dust continued to in- 
crease, and fell in simh large quantities, a& to cover every thing 
to the depth of morenhan an inch, and even to break down the 
branmies of trees by lying on them. Between twelve and one 
oMock in the day, a vertical shadowy light began to appear, the 
passage of light from the atmosphere above bejng shortest in that 
direction through the dust, in a circular forirt, which, as the dust, 
thinned away or drove on, increased in diameter, until the whole 
body of particles passed away visibly. 

98. By the impalpable particles of dust thus denosited, for 
many days men and ai^mals were grievously annoyed ; even the 
tender leaves of plants were injured^, and the wind agitating the 
dust, the whole iace of the country showed like the crater of a 
volcano* The volcano of St. Vincents had burst out. The dust, 
thrown by explosions to considerable heights, had, by the higher 
currents of air, been carried^ to windward during the night, and, 
descending into the lower regions of the atmosphere, was driven 
back over the island the ordinary tradewind a little to the north 
of east. During the fall, patterings on the roofs of houses, as of 
grossed particles than dust, were repeatedly heard, and sdme of the 
dust sent to me contained particles of stones, whose dimensions 
seemed to exceed .all the power of floatage, so gross, that I was 
led to conceive that they were carelessly taken up from the soil on 
which the dust lay. Other portions of the dust were free from 
these. An analysis of this dust, in ftie laboratory of the Royal 
Institution, by^ Mr. Faraday, gives the following components: 
silex 78, alumiiie 11.9, lime 7, oxide of iron 3.4, losa .4 = 100.* 

99. This floatage power of small bodies may account for the 
dust said to be observed on the tops of the highest mountains, to 
which the finest particles of smoke, and qf whatever solid materials 
may be adequately divided, so as to be elevated and dispersed in 

Describe the phenomena accompanying the eruption at St Vincente? 

Ib’w is the particular current of the shower of dust in that case to be ac- 
counted for f ^ ^ 

What efiect did it produce on the rooA of buildings ? 

What was found to be the composition of tlie material then collected T 

How is the dust on the surface of high mountains to be accounted for? 


* The smshl amount of loss, about l-200th pf the whole, may probably 
have been owing to the escape of hygrometric moisture. 
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airy may rise, and in a given state of rest in the air above, unknown 
below, may quietly be deposited, and undisturbedly repose.”* 

100. During an eruption from the volcanic mountain of Toiubo|!KH 
in the island of Sumbawa, in 1815, which will be subsequently 
noticed, the fall of dust and ashes was so great at Biflia, forty 
miles eastward of the volcano, as to break down the roofs of the 
residency and olher houses ; and on the sid8 of Java, the volcanic 
powder was carried 300 miles, and more than 200 towards Celebes, 
in sufficient quantity to darken the air. 

101. The influence of the atmc^phere in modifying the surface 

of the earth must obviously be greatly augmented during the 
prevalence of high winds, 'l^us are^formed dunca and sand-hills, 
which sometimes overwhelm cultivatec^ fields, and the habitations 
of man, transforming fertile plains into barren trackless wastes. 
Such phenomena have taken place in the sWith of France, in 
Egypt, and in different parts of Scotland. • 

102. Cuvier remarks, that where the sand thrown up by the sea 
is left loose, it advances as irresistibly over thq land as the silt 
and other alluvial matter carried down by rivers does over the bed 
of the sea. In their progress the sands push before them large 
pools formed by rain, intercepting their communication with the 
sea. On the coast of the Bay of Biscay they have overwhelmed 
many villages mentioned in records of the middle a^s ; and in the 
department of the Landes alone, ten are ^ow threatened with 
destruction. Mimisan, one of these villages, has for twenty years 
been struggling against them, while a sand-hill more than sixty 
feet in height is approaching it. Their progress has been estimated 
at sixty met annually, and in some g^aoies at seventy-two feet. 
According to this calculation the;^ might in two thousand years 
roach Bourdeaux ; and, from their present extent, it must have 
been about four thousand years since they began to be formed.^ 

103. The^sands of the Libyan deserts, driven by the west i^nds, 
have covered all the land formerly capable of tillage on the western 
bank of the Nile. Denon, in ms ** Travels in Lower and Upper 
Egypt,'* says that the summits of the ruins of ancient cities buried 
under these sands still aimear externally. 

104. In Morayshire, N. Bt, westward from the mouth of the 
river Findhorn, a district consisting of more than ten smiare miles 
of land, once termed, from its fertility, the Granary of Moray, has 
been depopulated and ruined by a sand-flood. The eruption com- 

. menced about 1677, and its progress was gradual ; but in 1697 not 

What evidence of extensive motion in masses of dust is found in the 
East Indies? 

On what causes is the formation of rand-hills supposed to depend ? 

What operation is effected hy the wind on sands upon the sea-coastf 

What esamplos of this are found in Europe ? — in Egypt 7 * 


• On the Floatage of Small Heavy Bodies in Air, by G. W. Jordan, F 
R. S., Journ. of Science, vol. viii. pp. 251 — ^253. 

■f Cuvior’s Theory of the Earth, pp. 133—135- 
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a vestige was to be seen of the manor-honse, orchards, and offices 
of Coubine, two-thirds of the barony so called having been 
destroyed, and the sand was daily gaining ground. This sand 
came from Mavieston, on the coast, seven miles west from the 
mouth of ^the Findhorn, where from time immemorial tl^ere have 
been large accumulations of sand. It appears, however, that the 
catastrophe of Coubine was occasioned by the Kad practice of 
pulling Dent and juniper,^’ which occasioned an act of the Scottish 
Parliament, dated-Jiiiy 16, 1696, for the preservation of lands ad- 
jacent to sand-hills. The cause thus assigned as the origin of the 
devastation of Coubine, suggests an obvious remedy, in the plan- 
tation of vegetables which wiV grow in a sandy soil, such as the 
Amndb armaria, and the JE/ymus arenarius, the spreading fibrous 
roots of which give stability to the loose surface.* 

105. Sands and A^agments of 8ea*«hellB are sometimes raised 
front the beach to very considerable heights by violent winds, as 
is the case with the sands of Barry, at whe north side of the 
estuary of the Tay, Scotland, where hills hpve been formed by 
them 140 feet high.f 

106. Hurricanes, from their extraordinary force and violence 
productive of effects far beyond those of high winds, are generally 
accompanied by storms of rain, and the result of their influence, 
therefore, is partly owing to the impulse of gusts of air, and partly 
to that of floods of water. They are of geolojgical importance,’* 
says Mr. De la Deche, ** as by the sudden application, if I may so 
express myself, of a furious wind and deluges of rain to the surface 
of land, very considerable changes are in a short time produced on 
that surface.”^ The veioc'ty of the wind in hurricanes has been 
estimated at from eighty to one hundred miles an hour. 

107. The hurricanes that occasionally ravage the Antilles, the 
Isles of France and Bourbon, Siam, China, Japan, and other 
counUles between and near the tropics, overthrow solid edifices, 
uproot the strongest trees, involve animals and the produce of the 
fields in one common ruin, and sweep to a distance vast masses of 
solid matter. The desolating power of hurricanes may be estimated 
from the ensuing account of one which visited Guadeloupe, July 25, 
1825. Houses firmly built were overtSirned ; and a new structure, 
erected at the expense of the government, in a most substantial 
manner, was ruined. The force and rapidity of the wind was 
such as to drive tiles through the thick dfoors of warehouses. A 
deal plank, about 39 inches long, 9^ inches wide, and ^ of an 
inch thick, was carried with such extraordinary velocity through the 

How is the motion of sand-hills to be prevented ? 

or what importance are hurricanes in a geological point of view ? How 
is this proved ? 

Ojescribe the effects observed in the tornado of Guadaloape? 

* See Illustrations Cuvier’s Theory of the £arth, by Prof. Jameson 
Note G. 

t Lyell’s Princip. of GeoL, vol, i. p. 343. 

I Gcc^og. Mull., p 149. 
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air, that it passed directly through the trunk of a palm-tree 17^^^ 
inches in diameter. A piece of wood 7^ inches 8quare« and from 
4 to 5 TOrds in length, was driven by the wind through tlie sar- 
face of a hard, beaten, and frequented road, to the deptl^of about 
a yard. A fine iron railing before the government house was 
entirely Uroken. Three pieces of cannon^twenty-four pounders, 
weredismounUSl, and driven against the breastwork of tne battery 
in which they were placed. The accuracy of this statement was 
verified by inquisition on the spoti by General Baudrand, of the 
French engineers.* ^ 

108. The eflfect of air in modifying the surface of the earth, 
where it acts independently, is chiefly the result of its chemical 
properties: water is perhaps the mosW efficient as a mechanical 
agent. The influence of water, like that of air, is apparent both 
as a destructive and as a formative or constnctive power ; .^jis- 
solving or wearing away solid surfaces in one* situation, and 
depositing beds ot transported matter in another. Indeed these 
operations must almgst always be simultaneous or successive, 
the detritus of rocks and of organic bodies, removed by the agency 
of water from the higher parts of a country, serving to form new 
tracts of land, by filling up lakes, or composing deltas, sandbanks, 
or islands encroaching on the sea. 

109. Mr. De la Beche, after describing th^ manner in which the 
disintegration of rocks may take place, owing to the protracted 
action of atmospheric moisture, and the more rapid and violent 
operation of streams and torrents in the degradation ofiand, says, 
** This destruction of the surface is common to most countries ; 
and if a TOi*.k so weathered be limestone^ there is not unfrequently 
a reconsolidation of the parts by means of calcareous matter 
deposited by the water that percolates through the fragments, and 
which dissolves a portion or them. At Nice, the fractured surface 

In i%hat manner does air produce the changes on the earth's surface? 

How are the destructive processes of air and of water sometimes coun* 
terbolanced ? 

* Pouillet E16ra. de Phys. Exp^. et de Meleotol.. tom. ii. pp. 717, 718. 

A most destructive tornado passed over the city of New Brunswick, 
on the 19th of June, 1835. It was preceded by a sultry day, with a very 
high dew point, and was attended with some lightning ; but the thunder, 
if any, was drowned in the roar of the tornado. Rafleis, 90 feet long luid 
8 or 9 inches wide by 3 inches thick, were carried half a mile ; a lad, nine 
years old, was carried one quarter of a mile through the air ; more than 
100 biiildinsR were either demoliBhed, unroofed, or otherwise injured. The 
track was but a few hundred yards in breadth ; and the editor of this 
work, with other gentlemen, who visited the spot on the day following, 
observed that trees, ^rass, buildings, Ac. on the mamn of the track, had 
been uniformly inclined inward toward the central line of Jhe path ; a 
barn on one margin and a large store-house on the other, weru raised eacn 
from its foundation and transported bodily some feet towards Inat line. In 
the forest the trees fell inward at the margin, and graduaUy inclined 
more and more towards the point to which the storm was moving, as they 
were nearer the centre. — 23e. 
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Agfi reunited is so herd, that if it occur on a line of road it must 
DQ blasted by gunpowder for remoyal. There are some fine ex- 
amples of this reconsilidation upon the limestone hills of Jamaica ; 
aSt..for example, near Rock Fort, and at the cliffs to the eastward 
of the Milk Rirer’s mouth. 

110. **The feldspa|r contained in granite is often easily decom- 
posed, and when this is effected, the surface frequently presents a 
qut^ose gravel. D'Aubuisson mentions, that in a hollow way, 
which had been only six years blasted through granite, the rock 
was entirely decomposed to the depth of three inches. He also 
stated, that the granite country of Auvergne, the Vivarais, and 
the eastern Pyrenees, is frequently so much decomposed, that the 
traveller may imamne hii^Mlf on large tracts of gravel.* 

^ Some trap-rocKs, from the presence of the same mineral, are so 
liable to decomposition, that there is frequently much difficulty in 
ob&ining a specimen. The depth to which some rocks of this 
nature are disintegrated in Jamaicaas often very considerable.*’! 

111. The powerful effect of the continued action of running 
water on compact rock appears from the manner in which the river 
Simeto, in Sicily, has cut through a bed of lava. At the western 
base of Etna a great current of lava descending from near the sum- 
mit of the principal volcano, flowed over flie alluvial plains of 
Simeto, the largest of the Sicilian rivers, which skirts the base of 
the mountain, and falls into the sea a few miles south of Catania. 
The lava entered the river about three miles above the town of • 
Aderno, and not only fllled its channel for some distance, but 
flowing to the raposite side of the valley, accumulated there in a 
rocky mass. Tne eruption is supposed to have taken place in 
1603, and the appearance of the current proves that it is oi modern 
date, for it has not been crossed or covered by any other stream 
of volcanic matter. In the course, therefore, of about two cen- 
turies, the Simeto has eroded a passage from flfty to* several hun- 
dred feet wide, and in some parts from forty to fifty feet deep. 
The mass of lava cut through is not porous or scoriaceous, but a 
compact, homomneous, hara blue rock; and the general declivity 
of the bed of the river in this place is not very considerable.:! 

113. A more striking example of the detrition of solid rocks by 
flowing water is exhibited at the falls of Niagara. At these falls 

the water is divided by a small island, whi^ separates the river 
into two cataracts, one of which is six hundred yards, and the 
other three hundred and fifty yards wide : the height of tee fall is 


What remarkable inatancea of the e^ct of expoeing rock aurlace to the 
air have been oteerved 1 

What atriking inatancea can be cited in which the eroeive action of water 
haa taken place f 

2 ; . 


• Traite de G^gnoaie ; ou» Expoa6 dea Connaiaaancea actuellea anr la 
Conatituuon Phyaique et Mindrale du Globe Terreatre, tom. i. 
t Geolog. Man. ^ 45. 

X I yell’a Princiidea of Geology, vol. L pp. 356— 960. 
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from one hundred and forty to one hundred and sixty feet. It 
is estimated that 670,000 tons of water are dashed every minute 
with inconceivable force against the bottom, and wearing down 
the adjacent rocks. Since the banks of the cataract were inhabited 
by Europeans, they have observed that it is progressively shorten- 
ing the distan<2j9 of the falls from Lake Erie. When it has worn 
down the intervening calcareous rock^ th^pper lake will become 
dry land, and form an extensive plain or valley, surrounded by 
rising ground, and watered by a r^er or smaller lake, which will 
occupy the lowest part. In this^Tain future geologists may trace 
successive strata ot fresh-water formation, covering the suDjacent 
ancient limestone. The giadual deposition of minute earthy 
p^.rticles, or the more rapid sub*bidence of mud from sudden 
innndations, will form «di8tinct beds,*in which will be found the 
.remains of fresh-water fish, vegetables, and %iadrupeds.** 

^ :il3. ** Prof. Joseph Henry, in a topographical sketch of the%tate 

New York,* says« * Thcdescent of^the countrv from Lake Erie 
jlo *Gl^tario, is principally by a step, not at the ^falls, but at Lewis 
Town, several miles below. In viewing the position of the falls, 
and the features of the country round, it is impossible not to be 
impressed with the Idea, that this great natural raee^wa^ has been 
formed by the continued action of the irresistible current of the 
Niagara, and t?tat ilie falht^ beginning jt Lewis Town, Aone, 
in the course of agcs^ worn back the rocky strata to thdr present 
site. The deep chasm through which the Niagara passes, be- 
low the falls, IS nearly a mile wide, witli almost perfect mutual 
aides. 

114. The bed of the river below tlm fjlls is strewed with huge, 
fragments of rocks, hurled down by tne cataract. The retrogres- 
sion of the waterfall, owing to the destruction of the surface over 
which it takes its course, is said to have amounted to nearly fifty 
yards durhig the last forty years. If the excavation alwMS pro- 
ceeded at the same rate, it have required about ten thousand 
years for the formation of the whole ravine ; and it would take up 
more than thirty thousand years from the present time before the 
channel would be ivorn backward to Lake Erie, a distance of 
twenty-five miles. 

115. The power of running water in removing atones and heavy 
materials, and changing the face of a country, was remarkably 
exemplified in the efiects of the great flood which happened in 
August, 1829, in the province of Moray, and adjoining districts, in 
Scotland. The storm wllich occurreef on this evasion displayed 
all the characteristic violence of a tropical hurricane. The inun- 

Whnt change ia now taking place on the rock at Niagara Falla 

What ia the nature of the channel of the Niagara? . . 

At what point did the fall first exist? * % . m 

What known changes have taken place in the positioirof those Falls? 


* Transactions of the Albany Tnslitute. vol. i. 

2F 
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dating rivera were the Nairne, the Findhorn, and the Spey, with 
their numerous tributaries. All the low intervening lands were 
covered, and the bridges and buildings along the banks were in 
general swept away. The plain of Torres was inundated to an 
extent oft^iwen^ square miles, and the destruction every where 
great* On the Nairne a fragment of sandstone rocki fourteen feet 
long, three feet wide, aifd one thick, was carried more than two hun- 
dred yards down the river. Some new ravines were scooped out on 
the sides of the mountains, where no streams had previously 
flowei^ and ancient river channc^ls, which had never been filled 
from time immemorial, gave passage to copious floods. 

116. Sir Thomas Dick Lauder, who published a narrative of this 
occurrence, has given the following animated description of the 
devastation which took place in his ow\i ornamented domain : 

We were roused V»hile at dinner by the account the servants 
gave^us of the swollen state of the rivers; and in defiance of the 
weather, the whole party sallied forth. We %ook our way through 
the garden, towards the favourite Mill Island. The magnificent 
trees on that islandf were overthrown faster and faster, offering no 
more resistance to their triumphant enemy than reeds before the 
mower’s scythe. Each one as it fell gave one enormous splash 
on the surface, then a plunge ; the root appeared above water for 
a moment; and then yp^ose the stem, disbranched and peeled; 
after which, they either rolled round in the caldron, or darted like 
arrows down the stream. Besides the loss of the Mill Island, 
which I had looked for, the beautiful hanging bank, covered with 
majestic forest and ornamental trees of all kinds, and of growth so 
fresh and vigorous, had v^ij^hed like the scenery of a dream ; and 
in its place was the garden hedge, running for between two and 
three hundred yards along the brink of a red alluvial perpendicular 
precipice, fifty feet high, with the broad, remorseless flood rolling 
at its l^ise, eating into its foundation, and every successive minute 
bringing down masses of many cubic yards. And then, from time 
to time, some tall and graceful tree, on the brink of the fractured 
portions of the bank at either end, would slowly and magnificently 
bend its head, and launch into the foaming waves below. The 
whole scene had an air of unreality tfoout it that bewildered the 
senses. It was like some of those wild melodramatic exhibitions, 
where nature’s operations are out^heroded by the mechanist of a 
theatre, and where mountains are thrown down by artificial 
storms.”* 

117. A bridge of granite over the Dee, at Ballatu, consisting of 
five arches, with a water-way of 360 feet, which had stood firm 
for twenty years, was destroyed and swept away by the torrent, 

MTtat roniark^ble effect of ^floods haa been witneaaed in Scotland t 

What accouni^ haa Liuder given of that occurrence ? 


* An Account of the Great Flooda of Auguat, 1889, in the Province of 
Moray, by Sir T. D. Lauder, Bart., 1830. 
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the whole mass of the masonry having disappeared in the bed of 
the river. The river Don,” says Mr. Farquharson, in his account 
of this catastrophe, has, upon my own premises, forced a mass 
of four or five hundred tons of stones, many of them two or three 
hundred jiounds weight, up an inclined plane, rising six feet in 
eight or ten yards, and left them in a rectangular heap, about three 
feet deep, on i fiat ground ; the heap en€s abruptly at its lower 
extremity.”* 

118. Animals, as well as trees ^nd the produce of the fields, 
were involved in the general ruii| caused by the flood, the effects 
of which at the mouth of the river Spey are thus described : For 
several miles along the beach, crowds were employed in endea- 
vouring to save the wood and other* wreck with which the heavy 
rolling tide was loaded ;«whi]st the margin of the sea was strewed 
with the carcasses of domestic animals, and %ith miiliona of ^ead 
hares and rabbits. Thousands of living frogs also, swept from the 
fields, no one can say ||ow far off, were observed leaping among the 
wreck.” f 

119. It has been Tbgiarked, that the transporting effect of water 
is vastly augmented by the relative diminution of specific gravity 
in bodies more or less immersed in that fluid and when ice 
adheres to detached rocks, the joint masses become really lighter 
than the stony substances would be separsy^ely. Hence we may 
in some measure account for the distribution of large blocks of 
granite over the surface of several parts of Europe, at great 
distances from the primitive rocks whence they appear to liave 
been derived. 

120. The phenomena caused by flogd% debacles, and torrents, 
manifesting the sudden eflect of powerful impetus, imposing as 
they are, cannot have contributed so extensively to the production 
of the changes apparent on the surface of the earth, as the slow 
but indefinitely protracted operation of running water more less 
loaded w’ith silt and sand, and conveying it from higher to lower 
lev ids, to extend the limits of old continents, or form the founda- 
tions of new ones. Professor Robinson, in an article on Rivers,^’ 
in the Encyclopaedia Britannica, has furnished some estimates of 
the eifects of flowing water,«whence it appears that a velocity of 
three inches per second at the bottom will just begin to act upon 
fine clay in a firm state, and tear it up : a velocity of six inches 

. Wliai evidence is afforded, by the flood of 1629, that rocks and boulders 
may in oth'*r parts of the earthfhave been dislodged and worn by water 7 

VVhat effect had that flfxid upon animals 7 

In what manner may blocks of granite have been transported from place 
to place on or near the surface of water ? 

By what means, besides by floods and torrents, does water operate to 
change the surface of the earth ? ^ 

* Account of the Flood, by the Rev. James FarquAirsoii, in Quarterly 
Journal of Science, New Series, No. xii. p. 331. 

t Sir T. D. Lauder’s Account, p. 312. 

t See Scientific Class Book, part i. pp. 130 and 160.* 
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will lift fine sand, that of eight inches will raise sand as coarse as 
linseed, twelve inches will sweep away fine gravel, twenty-four 
inches will roll along rounded pebbles an inch in diameter; and 
it requires a velocity of three feet per second to sweep along 
shivery aLigiilar stones of the size of an egg. 

121. Whatever matters may be taken up by flowing water will 
be again deposited as Uoon as the velocity of the Stream becomes 
inferior to that which caused their removal ; so that only the finer 
)>ariicle8 of detritus will in ge;ieral be carried into the sea. The 
distai^ce to which river-water, leaded with such particles, would 
fiow over sea-water, must depend on a variety of obvious circuni* 
stances. Captain Sabine found discoloured water, supposed to be 
that of the Amazons, 300 miles distant in the ocean from the em- 
bouchure of that river. It was about 120 feet deep. Its specific 
gravity was = 1.02cl4, and the specific gravity of the sea-water = 
1.0&G2. This appears to be the greatest distance from land at 
which river-water has been detected on thOf^urface of the ocean.* 

122. The quantity of detrital matter conveyed by the rivers to 
the sea must be greatly influenced by the u&*ture of the countries 
through which they take their course. The lioang-ho, or \ellow 
river of China, flows through alluvial tracts, and the quantities 
of mud and earth carried down by its current gives the water the 
appearance of dilutee], clay. According to Mr. Barrow, it pours 
into the sea every hour 2000 feet of solid earth, sufficient in seventy 
days, if accumulated on one spot, to form an island a mile 
in circumference; and it has been observed, that a sensible di- 
minution takes place in the depth of the Yellow sea, into which 
the turbid river dischargnes^itself. The addition of lands that have 
been made in the Netherlands, along the shores of the North sea; 
in Italy, on the borders of the Adriatic ;f and in Egypt, at the 
mouth of the Nile ; together with many other phenomena of a 
similar nature have been noticed by historians and geclogists.:!: 

12^. The alluvial matter conveyed to the sea by great rivers 
may not only produce deltas or additions of land to the coast, but 
also give rise to insular formations. This has taken place at the 
mouth of the Gauges, which during the flood season pours into 
the gulf such a quantity of mud and si^nd, that the sea only recovers 
its transparency at the distance of sixty miles from the shore. 
Hence an island has arisen opposite the mouth of the Hoogly 

Mention the velocities which have been found adequate to wear away 
the bottoms of rivers of different materials \ 

How does it appear that the features of a country may be changed by 
alluvial deposits? 


* De la Be(!he*8 Geol. Researches, p. 72. 

f According to Strabo, Ravenna, in the time of Augustus, stood among 
lagiiiies, 08 \^nice A>es now, and at present the former city ia a league 
distant fn>m the shore. 

X See Cuvier’s Theory of the Earth, pp. 123 — 132. Also Transactions 
of the JBritish Association at Edinburg, m 1834. 
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riveTf (one of the breifbheB of the Ganges,) and immediately south 
of Saug[ur island, four miles from the nearest land of the delta. 
It is said to have been discovered in 1816, together with the canal 
dividing it from Satigur. It is situated 21° 35^ N. latitude, and 
88° 20^ E. longitude, from Greenwich ; its position agreeing with 
that assigned to the bank of Saugur. A lighthouse ^as been 
erected on thi\spot, which is named Edmonston island. For 
xuany years it has been covered with shruos and herbage ; but the 
whole surface was inundated for some hours during the flood in 
May, 1833, the light-keepers havifig escaped destruction by as- 
cending into the lantern. Its dimensions before that timeswere 
stated to be two miles from east to west, and half a mile from 
north to south ; but it was reduced jn size by the inundation, and 
must have since been enlarged.*’* ^ 

124. Dr. Hutton ascribed the formation of alleys on the surface 
of the earth to the erosive action of rivers, a^ a general cause ;f * 
and though the more extensive observations of subsequent in- 
quirers render his contusions questionable, there can be no doubt 
but ill some situations valleys may be thus produced. The ef- 
fect of flowing wate^ must depend on its rapidity and consequent 
impetus ; and hence compact rocks occasionally have their surfaces 
ploughed with gullies and hollows by the power of mountain 
streams Dr. Bigelow, in describing the White mountains of New 
Hampshire, says: In several places a broad continued stripe de- 
scended the mountains, having the appearance of a regular road cut 
through the trees and rocks from near the base to the summit. On 
examining these with a telescope, they were found to be channels 
of streams, and in several places the water could be seen dashing 
down the rocks. 

125. In a plain near the base oFthe mountains was a pond of 
one or two acres, situated near the road, and ]g)hich having no 
other inlet or outlet, appeared to be the principal source of the 
Saco river.* The waters of this stream, bein^ collected ifrom 
several sources, proceed directly towards the side of the moun- 
tain. At the point where, to all appearance, they must be inter- 
cepted in their course, there occurs one of the most extraordinary 
features of the place, well known by the name of * the Notch.’ 
The whole mountain, which 'otherwise forms a continued range, 
is here cloven quite down to its base, affording a free opening to 
the waters of the Saco, which pass off with a gradual descent 
towards the sea. This gap is so narrow that space has with 
.difficulty been obtained for the road, which follows the course of 
the Saco through the Notcfli to the eastward. In one place the 

How is this illustrated in China? — in flindostan? 

To what did Hutton attribute the formation of valleys? 

In what manner is the effect of water produced in mountain torrents ? 

Describe the effect of torrents on the White mountains ? • 

-■ ■- "■ — • ' " 

* Monthly Magazine — Ly ell's Prin. of Geol. vol. i. p. 354. 

t See De Luc's Elementary Treatise on Geology, translated from the 
French, by the Rev. H. De la Fite. 1809. p. 89. 
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4m disappears, being lost in the caves and ^evioes of the rocks, 
4itflinder the shelves of the adjoining precipice, reappearing at 
Irtigth at the distance of some rods bmow. The Notch gradually 
widens into a long narrow valley.”* It appears that the upper 
part of the rock was gneiss and granite; and near the Notch, 
chiefly coffTse reddish jasper, and phorphyry.f « 

1526. The manifest effect of lakes must, in generaj, be formative, 
rather than destructive^ contributing to the production of new 
strata, by moderating the influence of running water, and furnish- 
ing cavities for the deposit of detrital matter. But the bursting 
of thofbanks by whicn lakes are restrained may occasion inun- 
dations and debacles, causing important modilicatlons of the sur- 
face of a country. , 

127. Such would take pl^ce, as already remarked, if lake Erie 
was to have its outlet cut backwards to ifts border from the falls 
of ^agara and if^his work of ages were completed, the valley 
which now constitutes the basin of the lake would bo traversed 
by a large river.§ The operations of nature, however, are gene- 
rally gradual; and a concurrence of circumstances would be 
requisite to cause the sudden evacuation 'ot the contents of a 
large lake. 

128. A remarkable accident of this kind took place in 1818, in 
consequence of the bursting of a lake formed in the valley of 
Bagnes, in the Vallais. This valley, situated five leagues from 
ISt. Blanchier, is very narrow at one end, where a ravine is formed 
by mont Mauvoisin on the south side, and mont Pleureur on the 
north ; the latter, which is the highest, presenting a rocky sur- 
face above 500 feet in altitude, capped by the immense glacier of 
Chedroz. Large blocks of often falling from these heights accu- 
mulate continually in the valley, through which passes the river 
I) ranee, fed by tha. waters of more distant glaciers. The stream 
had formed for imelf a bed under the mass of ice and snow ; but 
ill thevwinter of 1818, the glacier, which had been gradually in- 
creasing, dammed up entirely the passage by which the river 
made its exit. The waters were thus retained within the valley, 
forming an immense lake, confined on one side only by the wall 
of ice. On the 14th of May the lake was 7200 feet or a mile and 
one-third in length, and 630 feet in hrehdth, its greatest depth being 
120. The government of the canton of Vallais, to prevent as far 

What kind of rock constitutes the upper part of the White mountain ? 

How may violent olfocta of water be seen to take place on the removal 
of its barriera? i 

What esumple of this kind happened in the valley of Bagnes 7 

* Abstract of an Account of the White Mountains. By Jacob Bigelow, 
M. D. — Braude's Jounial of Sicience, vol. ii. p. 393. 

t Idem, p. 397. 

X* In 1831, we happened fo be present at the Falls of Niagara, and to 
witncfts the descent or a large mass of rock from beneath the shelving cliff 
under which visiters pass to arrive beneath the sheet of water. — Ed. 

$ See De la Beche's Geulog. Man. pp 59—61. 
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as possible the iATaff#B to be apprehended from a sudden inunda- 
tion, had an artificim gallery 700 feet in length, cut through the 
ice, 50 feet below the level of the lake. This was complet^ in 
time to carry off a large portion of the water, reducing it from 
about 800,000,000 to 530,000.000 cubic feet. But on the approach 
of the hoi season, the central part of the remaining wirti of ice 
gave way, with^a tremendous crash, and the lake was emptied in 
half an hour, the flood sweeping away treet houses, bridges, and 
large masses of rock, some of which were of enormous size. It 
desolated the plains of Martigny, and afterwards passed on with 
diminishing velocity till it enterad the Rhone, on whose ciprrent 
the bodies of some men who had been drowned were carried 
a distance of about thirty miles, to ^he further side of the lake of 
Geneva, near Vevay. ^ 

129. In 1595, an inundation took place in the valley of Bagnes, 
owing to precisely the same cause with that 9S 1818, it destroyed 
the villages situated on the hanks of the Drance, and carried away 
a great part of the towai of Martigny.* 

130. when deposits take place of sand and other substances, 
transported by rivers "isto the basins of lakes, the effects will be 
analogous to those before noticed, as resulting from depositions 
on the bed of the sea. Islands in general will first appear above 
the surface of the water, which uniting with each other, and then 
with the land constituting the banks of the^loLke, must at length 
produce a level tract, intersected by the stream to whose action it 
owed its origin. 8uch formations must in most instances be gra- 
dual and protracted ; hut indications of their progress have fre- 
quently been observed. 

131. De Saussure, in his Travels ^msng the Alps,’* mentions 
having obtained several very fine views of the lake of Neufchatel. 

We w'ere struck,” says he, *^upon first behoLiing it, with tlie 
great extent which it must formerly have had fwr the spacious, 
marshy, and horizontal meadows by which it is bounded qp the 
south west, have unquestionably been at some period covered by 

What effect resulted from the discharge of the water from that valley ? 

What previous occurrence of the same kind is recorded as having hap- 
pened at the same pliico ? ^ 

What is the natural effect of the flowing of streams into lakes or inland 
sens ? 

What observation did Saussure make on the extent of Neufchatel lake? 

* Ilrande's Journal of Science, vol. v. pp. 372 — 374 ; and Kdinb. Philos. 
* Journ.. vol. i. p. 187, &c. ^ 

Mr. Uakewell, in noticing the catastrophe of 1818, says: ** From the quan- 
tity of mud and stones which the current bore along, it resembled a moving 
mass of stones and earth. An Enelish gentleman, who was descending 
the valley at the time, observed his horse exhibit by his motions great tre- 
pidation, of which he could not discover the cause, until a loud rushing 
noise occasioned him to look back, when he bq];ield what appeared lik^a 
wall, niliiig up the bottom of the valley, end advancing ra^dly towards 
him. He instantly alighted, atu! scrambled up the adjacent rocks, leaving 
his horse to his fate.’*— Jnfrod. to GeoL, p. 5U8. 
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its waters. We shall have occasion to mske the same remark 
with respect to the other bank of the lake.”'*^ The alluvial land 
here mentioned, according to De Luc, still increases, but now 
very slowly; the first deposits, on the contrary, accumulated 
rapidly from the abundance of debris encountered by the waters 
originallwwhen likewise their courses were less tortuouA than at 
preeent.f ^ 

132. The higher part of the lake of Como is nearly filled up 
by the detritus transported by the Adda and Mera.t The former 
has divided the lake into two;^e smaller portion (known by the 
name ^of lago di Mesola) being |io shallow, from the united de« 
posit of the two rivers and some torrents, that aquatic plants grow 
through the water on the eastern part ; while on the western, in 
which there is a greater de^th, the process of filling up is hasten- 
ed by means of stones, deta^ched in such^nnmbers, in particular 
seasons of the year,4Tom the heights on that side, that a passage 
in a Doat beneath the cliffs becomes exceedingly hazardou8.’*$ 

133. The accumulation of solid matter ii|» the basins of lakes, 
and the gradual transformation of lakes into rivers, are well de- 
scribed by Professor Playfair, and exemplifiM in the prr^essive 
changes observable in the lakes of Westmoreland and Comber- 
laud. || Dut it is unnecessary to multiply instances of such pheno- 
mena, the nature of which may be sufficiently understood from 
the details already giv^n. 

134. The destructive effect of water in the degradation of the 
surface of the earth, is obvious in the occurrence of those phe- 
nomena called landslips. Accidents of this sort may be produced 
by the weight of quantities of water percolating through porous 
strata, and collecting in ^oiymuuicating cavities at various depths, 
ill consequence of which thick masses of rock, may be disrupted 
by the force of^^drostatic pressure.^ Water also may find its 
way to beds of9%illaceoas or calcareous earth, between rocks 
compqped of denser matter, highly inclined, and producing dis- 
integration of the connecting strata, the superincumbent masses 
may fall by their own weight. Circumstances of this kind have 
repeatedly occurred in different parts of the Alps. 

135. In 1248, a portion of mont Grenier, south of Chamery, in 

What evidence does lake Como furnish of a change of extent from de- 
trition of river banks ? 

Into what are lakes converted when their basins have become choked 
up with detritus and other alluvial matter? 

How are landslips product ? 

In what manner may water assist in procVicing them f 

* Voyages dans les Alpes, sect. 390. 

t Treatise on Geology, p. 160. 

t See Sections and Views illustrative of Geological Phenomena, by lifr. 
De la Beche, pi. 31. 

^ Do la Beige's Geol. M^n^ p> 53. 

It See lllusHationsiof the Huttonian Theory of the Earth, Edinb. 1802» 
p. 367. 

V See Scientific Class Book, part i., p. 133. (//ydr. No. 38.) 
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Savoy, fell, and buried five parishes, including the town and 
church of St. Andrew, the ruins covering the space of about nine 
square miles, called les Abymts dt Myarns ; which, notwithstand- 
ing the lapse of so long a period, still exhibits a singular scene 
of desolatipn.* Pleura, a considerable town in the Grissiis, with 
the neighbouring village of Schelano, was thus destroyed, August 
2(>, 1618. Oil tnat day an inhabitant enterM the town, and told 
his neighbours that he had seen the mountains cleaving; but he 
was only laughed at for his iuform^ion. However, in the even- 
ing, the town and all its inhabit^ts, except this person, ]vere 
overwhelmed by the fall of a vast mass of rock from the south 
side of the mountain of Corto, whicji had been loosened by per- 
colated water. 

136. A part of the mountain near Servoz, on the road to Cha- 
mouni, fell down in 1751. The descent of th^mass did not tqke 
place in this case at once, as happened at mont Grenier; for tne 
luoiiutain, consisting o^a succession of beds of limestone resting 
on sandstone and extremely fragile schist, gave way by degrees. 
For maiiy days a succession of reports, like those of cannon, 
announced the continual falling of the rocks, day and night; and 
the air was filled with vast volumes of black dust, extending 
twenty miles. Tlie rocks still appear to be subject to the con- 
stant action of rain; and in 18*21 Mr. Bakcwel^ noticed appearances 
indicating the probability of a renewal of the catastrophe of 1751. 

137. 'riiree villages, with the inhabitants, were entirely de- 
stroyed in 1772, when the mountain of Pitz fell, in the district of 
'IVeviso, in the Venetian territory. f The fall of the mountain 
called Rossberg or Ruffiberg, in Swltzej^lagd, took place Septem- 
ber 2^ 1806. It is 5196 feet above the level of the sea, and is 
situated opposite to inont Righi. At five in evening, the 
Kriippciihuhl rock, which formed the summit IRIhe mountain, 
was on a sudden detached from its station, carrying with it^iart 
of the mmintain a few feet in thickness on the western side, and 
ahntit 280 feet on the eastern side, which rolling into the valley 
that separates the lake of Zug from that of Lauwertz, overwhelmed 
the entire villages of Goldan, Rotlien, Busingen, Huezloch, and 
three-fourths of that of Lauwertz. The fall of a portion of the. 
mountain into the lake of Lauwertz, filled up about one-fourth 
part of it, and caused such an inundation as overthrew a number 

• What appearance is now pres^ted where the fall of mont Grenier took 
p1n<‘e ? ^ 

W^hat other similar occurrences have taken place among the Alps ? 

How did the fall of Chamouni dtller from others in the same region? 

To what is ihe dillcrence attributed ? 

What peculiar circ urns lances accompanied the fall of the Rossberg? 


* See BakeweU’s Introduction to Geology, Silliinan*^editidK, page 315, 
where the account of the fall of mont Grenier is iHustrated by a cut, re- 
presenting ihe present state of the Abymes de Myans. 
t Mallo Bjtuh'h Geography, vul. i. p. 435. 
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of houses, chapels, mills, and other buildings, on the southern 
shore of the lake. Enormous masses of rock are said to have 
been carried through the air to prodi^rious distances. The rocks 
in falling brought down great quantities of earth, together with 
large blocks of flint, which were thrown on the opposite bank of 
the lake, to the height of from 80 to 100 feet. 

138. In the villages oirerwhelmed notan individual escaped de- 
struction ; and eight or nine hundred persons fell the victims of this 
disaster. The structure of the Rossberg sufliciently accounts for 
the occurrence, which General Pfiffer is reported to have predicted 
tw*eilty years previously. Its upper part is composed of beds 
of a compound rock, formed from the debris of the Alps at an 
antecedent geological period ; and these being potous, admitted 
the percolation of water - arising from, rain and melted ice and 
snow, which softening the clay between the more solid strata, 
inclined at an angle of about 45^, a slide took place, and they 
were precipitated into the valley below. 

139. A large portion of mountain consisting of rocks and soil, 
covered with fir-trees, separated from thpihighest region of the 
Alps, on the 4th of April, 1818, near the village of Soncebos, in 
the valley of St. Imier, in Switzerland, and covered with its stu- 
pendous wreck more than three hundred paces of the great road 
to Bricnne. A party of travellers witnessed this terrific catastro- 
phe who, had they oeen a few moments later, would have been 
its victims.f 

140. Partial alterations of the surface of a country may he 
produced by deluges of mud, owing to the bursting of peat- 
mosses and bogs. In December, 1772, Solway moss having been 
filled with water during heavy rains, rose to an unusual height 
and then burst. A stream of black thick mud flowed over the 
plain, like aci||pht of lava; overwhelming some cottages, and co- 
vering 400 acre? of land ; but fortunately without occasioning the 
loss'of human life. The highest parts of the original moss sub- 
sided about twenty-five feet, and the lowest part of the country 
submerged was full fifteen feet deep.^: 

141. A similar phenomenon occurred more recently on the con- 
fines of Yorkshire and Lancashire, England. On the 2d of Sep- 
tember, 1824, at Haworth, five miles south of Keighley, in the 
West Riding of the county of York, and on the borders of Lan- 
cashire, about six o’clock in the evening, a part of the highlands 
on the Stanhury moor opened into a chasm, and sunk to the depth 
of six yards, in some places exhihiti*\g a ragged appearance, and 

How is that event to be explained 7 

By what other mode may the Burface of a country be covered with 
earthy deposits 7 

, Describe the occurrence at Solway moss 7 — At Haworth 7 

■ 

* Nicholson’s Journal of Natural Philosophy, 8vo. vol. xv. pp. 150 — 152. 
t Braude’s Journal of Science, vol. v. p. 377. 
t Lyoll's Principles of Geology, vol. iii. p. 137. 
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forming two principal cavities — ^the one was about two hundred 
yards, and the other not leas than six hundred yards in circumfe- 
rence. From these hollows issued two immense volumes of muddy 
water, which uniting at the distance of upwards of one ^M^^red 
yards from their sources, constituted, for about two hours, an 
overwhelming flqpd from forty to fifty (som^imes seventy) yards 
in width, and seldom less than four yards in depth. This dark 
slimy mixture of mud and water followed the course of a rivulet, 
overflowing its banks for twenty or thirty yards on each side, and 
to the distance of seven or eight mtles from the immediate efiip- 
lion ; all this way there was deposited a black moorish substance, 
varying from eight to thirty-six inches in depth, and mixed occa- 
sionally with sand and rocky fragments, pieces of timber, and up- 
rooted trees, which had been borne along by impetuous tor- 
rent. •’ 

142. This heavy and powerful stream broke down one solid 
stone bridge, made breaches in two others, clogged up and stop- 
ped seversd mills, laid flat and destroyed many fields of corn, and 
overthrew to the founadtion several hedges and walls* In its 
course it entered the houses, floating the furniture about to the 
astonishment and terror of the inhabitants. At the time of the erup- 
tion, the clouds were copper-coloured and lowering ; the atmosphere 
was strongly electric, and unusually close anif sultry* There was 
at the same time loud and frequent thunder, with much zigzag 
lightning, peculiarly flaring and vivid. An hour before there was 
scarcely a breath of air stirring, but the wind quickly rose to a 
hurricane ; and after blowing hard from six to eight o’clock, sunk 
again into a profound calm, at which tim6 the heavy rain, which 
had continued all the while, ceased, and, with the exception of a 
few floating clouds, the sky was very serene. Pad||f the torrent 
of mud passed into the river Aire, rendering its stream turbid at 
Leeds, and ca&sing the destruction of great quantities of fish. * 
14*1. A still later inundation, from the bursting of a peat-moss, 
happened in the county of Sligo, in Ireland* After a sudden thaw 
of snow, in January, 1831, the bog between Bloomfield and Gee- 
vah gave way, and a black de^ge flowing in the direction of a 
small stream, swept along heath, timber, mud, and stones, and 
overflowed several meadows and tracts of arable land* Passing 
through a piece of bog, the flood traced a wide and deep ravine, 
and carried away completely two hundred yards of a solid road.* 
The sudden removal of large ^tracts of land on the banks of the 
Mississippi is an event of frequent occurrence. The many bends, 
cut and lagoons, in that region, are the consequences of 
this aqueous action* 


What other phenomena acccompanied the latter^ventj a 
W hat example of the bumting of a bog has been observed in Ireland 7 
What remarkable action takes place afong the line of the Mississippi ? 


Lyell's Principles of Geology* u. a. 
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144. The destructive action of water in consequence of its 
congelation by cold, is sometimes exhibited on a very extensive 
scale. In cold climates, the disinte^ation of rocks is caused by 
the freecLiiig of water, which having Insinuated itself into crevices 
in its utmost state of condensation, afterwards expands in the act 
of forming ice. Lo' id reports, owing to the rifting of rocks from 
this cause, frequently attest the magnitude and violence of the 
edects produced ; and thus large masses of rock with superincum- 
bent glaciers are torn from the summits and sides of mountains, 
and fall in desolating avalanches into the vales below. When 
lar^e rivers are frozen and a sudden thaw comes on, great blocks 
of ice floating on the swollen current may be driven against its 
banks and cut away frohr them considerable portions, which fall- 
ing into the wat#L* may obstruct its passage and cause floods, or 
even alter the course of a stream. The destructive operations of 
icebergs, when drifted against maritime cliffs and precipices, may 
obviously be productive of considerable modifications of the coast 
of a country, causing the fall of vast masoses of rock and soil, to 
be afterwards disintegrated and scattered by the waves of the 
sea. 

145. The influence of waves, breakers, and ocean currents, 

both in the degradation of land and in the formation of new strata 
beneath the water, contributes, perhaps, more than any other cause, 
to the alterations that are taking place on the superfices of the 
earth. Their destructive effect is more immediately obvious 
when they act on cliffs composed more or less of soft materials, 
and rising somewhat abruntly above the level of the sea; and 
hence the configuration ot coasts will greatly depend on the 
relative hardness of the rocks of w’hich they are composed. 
Thus the wajUjS sometimes form bays or inlets by washing away 
portions of land ; and where their action is resisted J)y more dense 
materials, they produce only a partial effect ; yet the most solid 
rocks may in time give way, and the progress of destruction 
influence the formation of ocean caves, or produce detached 
masses rising from the bosom of the deep, and presenting a variety 
of fantastic forms. c- 

14G. Dr. Hibbert, enumerating the effects of the waves on the 
coasts of the Shetland islands, says ; **The most sublime scene is 
where a mural pile of porphyry, escaping the process of disintegra- 
tion that is devastating the coast, appears to have been left as a 
sort of rampart against the inroails of the ocean ; the Atlantic, 
when provoked by wintry gales, batters against it with all the 
force of real artillery, the waves having, in their repeated assaults, 
forced themselves an entrance. This breach, named the grind of 
the Navir, is widened every winter by the overwhelming surge 

t 

How ifti&y wd" explain the falling of masBes of rock from mountains in 
time of severe frosts? 

How shall we account for the change in form of maritime cliffi ? 

What is the most active cause of changes in the earth's surface 7 

On what does the configuration of coasts depend f 



KFFKCTS OF WaVFS AND BREAKERS. 

that, finding a Mssafe through it, separates large stones from 
its sides, and forces them to a distance of no less than 180 feet. 
In two or three spots, the fragments that are detached are brought 
together in immense heaps, that appear as an accumulation of 
cubical masses, the product of some quarry.’**' 

117. The same writer gives instances of the destrBbtion of 
islatids, until ^t last they become mere clusters of rocks, the last 
shreds of masses once continuous.” Suclf was the origin of the 
granitic rocks called the Drongs, between Papa Stour and Hills- 
wick Ness : and of a singular cluster of rocks, of a similar nature, 
to the south of the latter island. • 

M8. The power of the sea when agitated is especially remark- 
able in overturning and drifting vas^ blocks of solid rock. Steven- 
son states that at the depth of two hugdred feet the action of tlie 
sea is sulficient to break* rocks in pieces, and throw them upon 
the. coasts in masses of various forms and onnensions. H^ob- 
serves that numerous proofs of the sea being disturbed to a 
considerable depth haare occurred since the erection of the Bell 
Rock lighthouse, situated upon a sunken rock in the sea, twelve 
miles off Arbroath, Ti» Forfarshire. Some driftstones of large 
dimensions, measuring upwards of thirty cubic feet, or more than 
two tons weight, have, during storms, been often thrown upon the 
rock frotii the deep water. These large boulderstones are so 
familiar to the lighthouse-keepers at this station, as to be by them 
termed travellers.”* 

1411. The effects of the more protracted action of waves and 
breakers is aburidantly remarkable on various parts of the shores 
of Fngland, and in few situations more so than on those of Suffolk. 
The gradual destruction of the once extensive, nourishing, and 
populous city of Dunwich, has been noticed by several writers. 

Uiirdiier, in his history of the borough, published in 1754, shows, 
by reference to documents, beginning with DoniAday Book, that 
the cliffs alP Dunwich, Soiithwold, Eastern, and Pakefield,^ave 
bn':;i always subject to wear away. 

150. At Dunwich in particular, two tracts of land which had 
been taxed in the eleventh century, in the time of King Edward 
the Confessor, are mentioned in the Conqueror’s survey, made but 
a tew years afterwards, as having been devoured by the sea. The 
losses, at a subsequent period, of a monastery — at another of 
several churches — afterwards of the old port — then of four hun- 

• What instance of the action of waves on hard rocks hna been particii- 
larlv vioticod X * 

What changes are sometimes known to take place in the appearance of 
islands ? 

What is meant by the term “ travelling rocks V* 

What event proving the gradual encroaching of the sea on the land is 
recorded ? 


* Description of the Shetland Islands, Edinb. 1822, p. 528. 
t See Memoirs of the Wernerian Society, vol. iii 
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dred houses at once— of the church of St. Leonard, the high road, 
town-hall, the gaol, and many other buildings, are mentioned, 
with the dates when they perished. It is stated that in the six- 
teenth century, not one quarter of the town was left standing; yet 
the inhabitants, retreating inland, the name was preserved, as has 
been the case with many other ports, when their ancient site has 
been blotted out. c 

151. There is, however, a church of considerable antiquity still 
standing, the last of twelve mentioned in some records. In 1740, 
the laying open of the churchyard of St. Nicholas and St. Francis, 
in the sea cliffs, is well descnb^id by Gardner, with the coffins and 




' In cradle o^the rude impetuous surge.* 

Of these cemeterie^ no remains can now be seen. Ray also says, 
*That ancient writings make mention of a wood a mile and a half 
to the east of Dunwich, the site of which must at present be so 
far within the sea.** This city, once so il6uri8hing and populous, 
is now a small village, w'ith about twenty chouses, and one hun- 
dred inhabitants.**! 

152. The action of tides and currents must be taken into the ac- 
count, in estimating the influence of the sea in producing modifica- 
tioiis of the surface of the globe. Tides are chiefly felt on the 
coasts, and their effects must be in a great degree similar to those 
above described ; but the operation of currents may cause a variety 
of changes in the bed of the sea, in some places scooping out hol- 
lows, and in others heaping up wide tracts, or wherefrom particular 
causes their direction has undergone alteration, sweeping away 
and dispersing the santl-bi^ds produced by former currents. There 
are currents of various descriptions, the most important being those 
which appear to be permanent. Such are the Gulf stream, and 
other branches of the ^reat equinoctial current; the Polar or 
Greenland current, flowing strongly through Hudson's bay and 
Davis's strait ; a current, which sets eastward into the Mediter- 
ranean sea; and another that flows out of the Baltic, into the Ger- 
man ocean. Besides these, there are a considerable number of 
periodical and Unnpoiary currents, the transporting power and 
effects of which must vary with circumstances. 

153. Such are some of the more general and widely-operating 
causes of the modifications of the earth's surface, which have 
taken place within the period of historical record ; but there are 
others, which are rather of a local natj^re, though their effects may ‘ 
in some cases be very extensive, and are often extremely striking 

Wlint has preserved the name of Dunwich since its site has been in- 
giil plied ? 

Wlmr, besides the force of the winds, is effective in causing maritime 
detrition ? 

r. I- 

* Consequences of the Deluge — ^Physico-Theological Discourses, 

t Lyetl’s Principles of Geology, vol. i. pp. 403, 
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^nd important. Among^ these are chemical deposits from fresh 
water, marine formations, either from chemical deposition or the 
work of coral polypes ; and volcanos and earthquakes. All these 
are highly interesting, and might furnish materials for several 
volumes ;«but among the numerous topics that remain tssbe con- 
sidered, they can here only obtain a passing notice. 

154. Some tift-niial springs contain siliteous earth, held in 

solution by their waters, and deposited on cooling. Such are the 
Geysers in Iceland, previously mentipnod. Their deposits extend 
over an area of about half a mile i^ diameter; and from the ^epth 
of a cleft near the Great Geyser, the siliceous matter appears to 
be more than twelve feet in thickness. The hot springs of Furnas, 
in the volcanic district of St. Mlcha^, one of the Azores, deposit 
large quantities of clay and silex, enveToping grass, leaves, and 
other vegetable bodies. Dr. Webster found “ hfiLnehes of the ferns, 
which now flourish in the island, completely petrified, preserving 
the same appearance when vegetating, excepting the colour, 
which is now ash-gray . Fragments of wood occur, more or less 
changed ; and one eifti^e bed, from three to five feet in depth, is 
composed, of the reeds so common in the island, completely 
mineralized, the centre of each joint being filled with delicate crys- 
tals of sulphur.”* The deposits are both abundant and various, 
frec^uetilly forming horizontal strata. In the cavities of the de- 
posits occur siliceous stalactites often two iiiclies long, and covered 
with small brilliant quartz crystals. Compact masses, broken from 
various causes and cemented again by siliceous matter, form brec- 
cia, the elevations of which, in some places, Dr. Webster estimates 
at more than thirty feet. ^ ^ 

155. There are hot springs at Washita, in Arkansas territory, in a 
district exhibiting some traces of extinct volcanos, f which deposit 
a very copiems sediment, consisting of silex, lime, and iron ; and 
tlu) thermal springs of Pinnarkoon and Loorgootha, in the ]|last 
Indies, contain silica and various salts of soda. 

156. Travertin, or calcareous tufa, is another deposit from 
springs; and though it is most common in limestone districts it is 
by no means confined to ihem, occurring indiscriminately in all 
rock formations. In Auvergfie, in France, where the primary 
rocks are unusually destitute of limestone, springs abundantly 
charged with carbonate of lime rise up through the granite and 
gneiss. Again, in the valley of the Elsa, which skirts the Apennines 
in Italy, are innumerable springs, which have tlirown down such 

Whiit change in the structure of the earth’s surface is eficctcd by the 
agency of animals ? 

VVhat change is produced by the action of hot springs? 

What examples illustrate this kind of action? 

What is the chemical nature of travertin ? 

In what localities has it been deposited 7 

• Cdinb. Philos. Joum.. vol. vi. , 

t See Featherstonbaugh’s Geological Report, pp- 63 to 69. 
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calcareous precipitates, that the whole ^ound in some parts of 
'riiscany is coated with travertin, and sounds hollow under foot. 
A most striking instance of the rapid deposit of carbonate of lime 
from thermal waters may be observed in ilie hill of !San Vignonc, 
near Raiucofdni, and a few hundred yards from the high road be- 
tween Sienna and Roijfie. A large mass of travertin descends the 
hill from the point w'hencc the spring issues to the bank of the 
river Orcia, a distance of 250 feet, forming a mass of varying 
thickness, but sometimes 200 Veet in depth ; and on the other ^ide 
of ths hill a similar deposit exfonds about half a mile in parallel 
strata, one of which is 15 feet thick, and constitutes excellent 
building stone. Large tnassesof travertin have also been deposited, 
forming escarpments along the borders of the stream into which 
the waters of the >Y^6hlta hot springs descend. 

157. 'I'hermal springs, which yield calcareous deposits, are 
found in several parts of Italy, as the famous baths of San Filippo, 
on a hill a few miles from that above mentioned; the Bulicami, or 
hot baths, in the vicinity of Viterbo; a therpial spring, lately dis- 
covered near Ctviia Vecchia, which forms 'alternate beds of a yel- 
lowish travertin, and a white granular rock, resembling statuary 
marble ; the lake of Solfatara, in the Campagna, between Rome 
and Tivoli ; and calcareous formations are taking place in the 
waters of the river Velino, at Terni ; and in those of the Anio, 
which produces the travertin of Tivoli.* Calcareous deposits from 
springs have been noticed in Bohemia, Hungary, Mount Caucasus, 
Persia, and in various other parts of the world. Mr* Mantel! 
mentions an incriistiiig or lapidescent spring, at Pounceford, in 
Sussex ;f and such occur in Cloucestershire, and in other districts 
of Kiigland, where there are formations of limestone. 

158. Precipitates of carbonate of lime are produced from the 
waters of some lakes ; but there are others which yield deposits 
of a«*liirercnt nature, though on a comparatively contracted scale. 
Boo-iroti ore is sometimes found at the bottom of lakes and peat- 
mosses ; and its origin is somewhat problematical. It has been 
suggested that iron, being soluble in acids, may be diffused through 
the whole mass of vegetables when they decay in a bog, and may, 
by its superior specitic gravity, sink to the bottom, and be there 
)>recipilated so as to form bog-iron ore ; or where there is a sub- 
soil of sand or gravel, it may cement them into ironstone, or fer- 
ruginous conglomerate.*’:): 

159. In salt lakes considerable depositions of salt (chloride of 
sodium) take place ; and such collections of water being dried up 
or drained, the sides and bottoms of the basins are found incrusted 

How is the presonre of iron ore in Inkes to be accounted for? 

yWhat cuiisoa the deposition of salt at the boitom of salt lakes f 

0 

* See Lyell's Prin. of Geol.. vol. i. pp. 296 — 310. 

t (tenlogy of the Soiith-Kast of Kiigmnd, 1833. p. 223. 

t Lyell^ Prill, of Gcol., vol. iii. p.^1. See Rev. Dr. Rennie's Essays 
on Peat, p. 347. 
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Witfi Baity somettmes ^onstitutinjr beds alternatingr with beds of 
In South Africa salt is obtained from such natural basins ; 
arfo bay salt is the product of salt-pans or basins formed by art. 
On tho western side of the Rocky mountains, in about latitude 
is a salt lake, around which a party recently found it took them 
forty da^ to travel. The salt is believed to be brou^hfVown by 
the waters fron^ saliferous rock strata in ihg mountains above. 

IGO. Carbonate of soda is precipitated in considerable quantities 
from the waters of a lake in Venezuela and similar deposits 
occur in other places. * 

Gypsum, or sulphate of lime, which forms one of the beds in 
the (Treat Paris basin, and must therefore have been deposited most 
copiously at some distant period, new appears to be conHned to a 
very few springs. Those at B^en, %ear Vienna, which supply 
the public bath, may be*cited as examples, ^ome of them yield 
from GOO to 1000 cubic feet of water an hour, and throw down a 
fine powder, consisting of a mixture of sulphate of lime w^ith sul- 
phur and muriate of liftie, (chloride of calcium.) f 

IGl. Ill the island ^of Trinidad there is an extensive pitch-lake, 
the surface of which In wet weather is sulliciently hard to sup- 
priFt heavy weights ; but during the heats it approaches to a state 
of fluidity. This phenomenon, together with the f^xistence of 
sprlngsof naphtha and asphaltum in different quarters of the globe, 
may serve in some measure to elucidate t\\9 origin of bituminous 
shales, which occur in the geological formations of diiferent ages. 

1G2. The destructive influence of the waves of the sea is fre- 
quently exerted within the range of observation, so that we may 
in many cases be able to appreciate the effect produced with 
tolerable accuracy. But the tormativ^ of constructive operations 
of tlie ocean, which are carried on upon the most extensive scale, 
are in general entirely bidden from our view'. We have abundant 
reason to believe that many of the strata w^hicli compose the crust 
of the terrestrial globe were formed by deposition from sea-vater, 
and that analogous formations are now in progress; but with 
respect to the latter, we are obliged to speculate in the dark, those 

S recesses of nature in general taking place at unfathomable depths 
eneath the surface of the ocean. 

1G3. ** As dwellers on the land, we inhabit about a fourth part 
of the earth^s surface; and that portion is almost exclusively the 


Whnt evidence have we that sulphate of lime has been copiously de- 
* posited from an aqueous solution?* 

What facts enable us to explain the existence of bitumen in connexion 
with rocky strata ? 

Wliy are we less familiar with the processes of accumfdation than with 
those of detrition when effected by the ocean ? 

• A curious account of the manner in which soda is colle<5ted from ^ia 
lake by the Indians, written bv M. Palavio Faxd^, may J)o fuq^d in Braude’s 
Journ. of Science, vol. i. p. lB8, &c. 

t Lyell’a Prin. of Geolofty. vol. i. |«. 311 ; from Essai sur la Constitution 
Physique du Bossin de Vienne, par C. Prevost, p- 10. 
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theatre of decay, and not of reproduction. We know, indeed, that 
new deposits are annually formed in seas and lakes, and that every 
year some new ij^neous rocks are produced in the bowels of the 
earth, but we cannot watch the process of their formation ; and 
as they spec only present to our minds bv the aid of redection, it 
requires an effort both of the reason and the imagination to ap- 
preciate duly their importance. It is therefore not^surprising that 
we imperfectly estimate the result of operations invisible to us ; 
and that, when analogous results of some former epoch are pre- 
sented to our inspection, we cannot recognise the analogy. He 
who fias observed the quarrying of a stone from a rock, and has 
seen it shipped for some distant port, and then endeavours to con- 
ceive what kind of edifice wiH be raised by the materials, is in 
the same predicament as a^geologist, whp, while he is confined to 
the land, sees the dreomposition of rock’s, and the transportation 
of rdatter by rivers to the sea, and then endeavours to picture to 
himself the new strata which nature is building beneath the 
waters/’* " 

164. The rocks formed under the siirfacef of the sea originated 
either from mechanical deposition, or from chemical precipitation. 
Those of the former class are numerous, including most of the 
stratified rocks which inclose sea-shells, fragments of corals, and 
other exuviffi or bones of marine animals. Among those of the 
latter class, some geologists have reckoned even granite, f the 
origin of which, as well as that of all other unstratified rocks has, 
however, been more generally ascribed to igneous fusion and con- 
solidation. Most of the calcareous rocks containing marine shells, 
must have been produced under the influence of chemical affinity ; 
and of this nature are '£he* formations which are occasionally ob- 
served to takes place on the sea-coasts. 

1G5. Collections of perfect and broken sea-shells and corals are 
sometimes consolidated by the precipitation of calcareous and 
ferruginous matter, constituting banks or beds of considerable ex- 
tent. Such masses containing shells occur on various parts of the 
shores of Great Britain. Similar conglomerates, including both 
shells and corals, arc not uncommon around some of the islands 
in the West Indies. At Guadaloupe human bones have been found 
imbedded in a rock of this kind, whence were obtained two im- 

What cause prevents our verifying the conjectures which geologists 
have formed in regard to this subject? 

From how many sources have submarine rocks derived their origin f 

In what situation have human bones been obtained in a fossilized state f 


• l^yell's Prin. of Geol. vol. i. pp. 117, 118. 

t “ Tiio strata of granite,*’ says De Luc. “ evidently produced by che- 
mical deposition from a liquid, form, as 1 have said, the most ancient monu- 
me.it of the action of physFcal enuses on our globe.” — Element. Treat, on 
Geoi., p. 49. f This, waiter, however, doubtless imagined the primitive 
ocean (capable of holding in solution the substances which constitute 
granite) to have been a liquid of a dffierent nature from the waters of the 
present ocean. 
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]>erfect human skeletons, one preserved at the British Museum, 
and the other in the Museum of Natural History, at Paris ; and 
fr9m the occurrence of these bones and other circumstances, may 
be inferred the comparatively modern origin of the rock in question. 
The Florida Keys abound in deposits of shells in various^tates of 
disintegration and subsequent union by cement. 

1G6. Among^the marine formations them are few more curious 
or interesting than coral reefs and islands, which to a certain ex* 
tent are constructed by diiferent kiiyls of polypiferous zoophytes,* 
or minute animals, fo^ which t^e coral tubes serve as habitations. 
It has been supposed that the c6tS\ rocks descend in perpendicular 
columns to the bed of the ocean, and cover millions of acres of the 
Pacific but though the extent of such formations is very con- 
siderable, it appears to have been overfbted. 

167. M. Chamisso, who accompanied as ^naturalist the expe- 
dition of discovery sent out by the Russian government, undef the 
command of Captain^ Kotzebue, visited several groups of coral 
islands, arranged in a circular or oval form, with openings among 
them which afrorded ispcess to the interior basin. These islands 
seemed to be only the upper portions of ridges of unequal 
heights, *on the inside of which, towards the basin or lagoon, 
where there is still water, the smaller and more delicate kinds of 
polypes carry on their operations, while the stronger species live 
and work on the exterior margin of the £ank, against which a 
great surf nsiially breaks. 

168. These creatures leave off building as soon as their struc- 
tures reach such a height as to be left almost dry at the lowest 
ebb of the tide. A continuous mass of solid stone is seen com- 
posed of shells of molluscs and echtlni* with their broken-off 
prickles and fragments of coral cemented by calcareous matter. 
The ridge is raised by fragments of corals thrown up by the waves, 
till it becomes so high as to be covered only by high tides and at 
certain seasons. Masses of the stone thus formed are somdlimes 
separated and thrown upon the surface of the reef, so as gradually 
to augment its elevation. The calcareous sand on the top now 
famishes a soil in which seeds of trees and plants brought by the 

• 

What ia the nature of coral reels ? 

What conjectures have been formed respecting their extent? 

What facts have been ascertained in regard to the different classes of 
animals which build the coral islands ? 

How high are they capable of rearing their structures 7 


* “ Of the numerous species of zoophytes which are engaged in the pro- 
duction of coral banks, some of the most common belong to the aenera 
Meandrituij CoryophiUia, and A$trea, but especially the latter.”— lycfl'# 
Prin. of Oeoi., vol. iii. p. 221. 


Prin. cf OeoL^ vol. iii. p. 221. , 

t “ The reefs in the PaciSc are sometimes of great extent : thus the in- 
habitants of Disappointment Islands, and those ^f Duff *8 GroHip, pay 
to each other by passing over long lines of reefs front islaiM to iuand, a 
distance of six htuidred miles and upwards. When on their route the^ 
present the appearance of troops marching upon the surface of the ocean. 
ZjfelTs Prin. of Geol., vol. iii. p. 235; from Malte-Bnvt's Geographer-, 
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waves veffetate rapidly, and overshadow its dazzling white^ sur- 
face. ‘‘ Kntire trunks of trees, which are carried by the rivers 
from other countries and islands, find here at length a restinff- 
place after their long wanderings : writh these come some smsdl 
animals, gfich as lizards and insects, as the first inhabitants. Even 
before the trees form a wood, the sea-birds nestle here;*8trayed 
land-birds take refuge in the bushes: and at a muoh later period, 
when the work has been long since completed, man appears, and 
builds his hut on the fruitful so^L*^* 

169. MM. Quoy and Gaimard. who sailed in the French ex- 
peditioh, more recently, under Captain Freycinet also examined 
with attention the coral rocks and islands ; and they were led to 
conclude that the polyniferouit zoophytes do not begin building 
from any considerable depilVs below the purface of the sea, but 
merely produce incrustations a few fathoms in thickness ; and 
that the appearance of these reefs and islands depends on the 
inequalities, of the mineral masses beneath, the circular form of 
many of them indicating their foundation on the crests of sub- 
marine craters. It is supposed that those species of animals, which 
chiedy contribute to the formation of coralline islands, do not live 
in water at the depth of more than 30 feet ; though the branched 
corals have been brought up in sounding off Cape Horn, in about 
50 fathoms water, and Ueieporte have been found as low as 100 
fathoms ; but these do not form solid masses, though the ruins of 
their habitations might in time compose banks that would serve as 
platforms, which the other species might make the foundations of 
their more compact structures. 

170. Observations were made, during a recent voyage of Captain 
Eecchey to the Pacific, whence it may be inferred that the eleva- 
tion of coral rocks proceeds in general very slowly ; but a curious 
circumstance noticed by Mr. Lloyd, while engaged in his survey 
of the isthmus of Panama, shows that bodies cast ot^ submarine 
banksV where the coral animals are at work, may be very speed- 
ily cemented to the surface, and a considerable increase of 
height may hence take place in a short time. This gentleman, 

seeing some beautiful polypifers on the coast, detached speci- 
mens of them ; and it oeing inconvenient to take them away at 
the time, he placed them on some rocks or other corals, in a shel- 
tered and shallow pool of water. Returning to remove them 
a few days afteiw'ards, it was found that they had secreted stony 
matter, and fixed themselves firmly to the bottom. Now this 
property must greatly assist in the foraiaiion of solid coral banks ; 

What i8 the progress of change from a coral reef to an inhabitable 
island ? 

At what depths and on what foundation has it been supposed tliat the 
coml animals commence their operations? 

What peciifiar (K>wer hm-e those animals in regard to the connexion of 
thoir structures with other solid substances ? 


* LvelPs Prin. of Geol. vol. iii. pp. 221, 222; from Kotzebue’s Voyage 
in 181^1818, vol. ill. 
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tor if pieces of live corals be struck off by the breakers, and 
thrown over into calm water or holes, they would affix themselves 
and add to the solidity of the mass/’* 

171* It has been the subject of curious speculation ^ence the 
coral pofypifers and testaceous mollusca can obtain the vast quan- 
tities of carboQiate of lime, which they s^rete to form the enve- 
lopes by which they are protected. Mr. Bakewell considers it as 
more than probable that they have the extraqi^inary faculty of pro- 
ducing lime from simple elcments^f and Dr. Macculloch seems 
disposed to impute its origfin, in the same manner, to the inHuence 
of vital energy, in combining elementary bodies.^ If this were 
admitted, it would follow that the quantity of lime on the surface 
of the earth must be progressively increasing, unless it be sup- 
posed that other naturaf processes are regulip^ly taking place for 
the decomposition of calcareous earth, or rather of its metallic 
basis, calcium. 

172. Mr. Lyell, in^ opposition to this doctrine, says: We 
see no reason for supposing that the lime now on the surface, or 
in the crust of the earfh, may not, as well as the silex, alumine, 
or any other mineral substance, have existed before the first orga- 
nic beings were created, if it bo assumed that the arrangement of 
the inorganic materials of our planet preceded in the order of time 
the introduction of the first organic inhabitants. He adds, in 
reference to the abundance of carbonate of lime furnished by 
springs which rise through granite : 

173. ** But if the carbonate of lime secreted by the testacea and 
corals of the pacific, be chiefly derived from below, and if it be a 
very general effect of the action of subteft^ranean heat to subtract 
calcareous matter from the inferior rocks, and to cause it to ascend 
to the surface, no argument can be derived in favour of the pro- 
gressive increase of limestone from the magnitude of coral reefs, 
or the greater proportion of calcareous strata in the more iTN>dern 
formations. A constant transfer of carbonate of lime from the in- 
ferior parts of the earth’s crust to its surface, would cause through- 
out all future time, and for an indefinite succession of geological 
epochs, a preponderance of ^calcareous matter in the newer, as 
contrasted with the older formations.” || 

Earthquakes and Vokanoa. 

174. There are many circumstances which indicate such a con- 
nexion between earthquakes and volcanos, as may warrant the 

What different coruectures have been stated in regard to the source of 
the materials of which corals are composed ? How may the abundance of 
time on or near the surface of the earth' be explained ? 

* De la Beche's Geol. Man., p. 165. 
t See Introduction to Geology, Silliman’s ed. p. 86. 
t S 3 r 8 tem of Geology, vol. i. p. 219. 

$ Principles of Geology, vol. lii. pp. 241, 2^2. 
tl Principles of Geology, ii. a. 
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conclusion that they depend on the same general cause. 15oth thesii 
phenomena are manifestly owing to the agency of subterranean 
neat. Volcanic eruptions of lava in a state of igneous fusion, of 
Ted«hot stones and ashes, and of columns of steam, afford suffi- 
cient evif!4!nce of the very high temperature that must subsist in 
the interior of the earth. The phenomena of earthquakes, also, 
which seem to he owiifg to the sudden expansiorr^ of gases, va- 
pours, and perhaps of solid mutter, display equally character! stio 
effects of the intluendb of internal heat. 

175. Earthquakes and volcanos frequently happen at the same 
time; and, indeed, an eruption of lava from a burning mountain, 
ctven when comparatively inconsiderable, can hardly take place 
without some agitation of tho surface of the surrounding country ; 
every volcanic paroxysm, ftierefore, is probably attended with an 
earihnuake, and theS!lxtent of the commetion is usually propor- 
tionen to the violence of volcanic action. Those countries in 
which there are volcanos are more frcqueritly visited by earth- 
quakes than such as are distant from them. But the latter are by 
no means exempt from such visitations. ]n<^<eed, there is perhaps 
no part of the earth’s surface that may not be occasionally shaken, 
though there are many in ivhich the experience of ages has led 
the inhabitants to regard such pheiioinena, so far as relates to 
themselves, rather as objects of curiosity than of alarm. 

17G. Next to those countries wiiich are the seats of open or 
extinct volcanos, mountainous districts, and especially those cori- 
sisiing of primary rocks, are tho most freejuent scenes of eanh- 
qiiakcs; though secondary and tertiary hills, wide level tracts, 
marshes but little above the sea, sandy deserts and fertile ^elds 
are more or less exposed to their destructive operation. They 
occur in all climates, cold, temperate, or tropical; as is also the 
case with volcanos. Doth kinds of phenomena appear to be more 
prevalent near the sea-coast than elsewhere; thus Syria, tho 
coasts and islands of Asia, America, the countries bordering on 
tho Mediterranenu, and Iceland, have been repeatedly devastated 
by them; while the plains of Asia, Africa, and the north of Eu- 
rope, experience comparative security. 

177- The oeenrrence of earthquakes is by no means unfrequent. 
INTr. Lyell ohservt's, that V'cii 1 lotfhas published from time to tirne, 
in a Cierinan journal, lists of the earthquakes which have happened 
since 1821 ; and from these it appears that every month has been 
signalized by one or more convulsions in some part of the globe.* 

To whnt cfiiiRe arc onrtbqtinkes and volcanos to he referred ? 

Wlint proof have we of Uu? justness of that supposition t 
In what parts of the t:lobe aro earthquakes most frequently felt ? 

What, hesiiles volciinic roiintric^ are frequently visited by earthquakes* 
What rcliitipn npiHnirs to exist hetw*een inland and maritime districts in 
respect to the Greqiienry of*‘lheir occurrence t 

Wtiat does 'Dlwerilltioii prove in regard to the periods at which earth- 
quakes take place ? 


♦ P-iiiciplos of Geology, vol. it p. 17-^ 
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The recurrence ot earthquakes, either where they are common, or 
where they are sliglit and unfrequent, has not been observed to 
take place at any particular periods, nor to be influenced by the 
seasons of the year, and they happen sometimes by day and 
8ometin\f8 at night, and in various states of the atmosfRlere.* 

178. The principal phenomena of earthquakes consists of trem- 
blings and vilflrations of the surface of the earth, extending to 
various distances, and often having a certain direction. These 
shocks begin in general with eleiiations of the ground, followed 
by horizontal undulations, and iq some instances by violent irre- 
gular agitations, and by vortical or gyratory motions. To these 
may be added, the rending, slippijig, rising, and sinking* of the 
soil and substrata ; the sudden retreat of the sea, and its impe- 
tuous return, alternately laying bare tfie sands and beaches, and 
in its tremendous inroads on the shores Sleeping away tf^es, 
buildings, and other solid masses; the violent agitation of lakes, 
which sometimes sinj^ into the earth ; the drying up or bursting 
forth of springs and rivers ; and the occurrence or inundations, 
from the fall of fragments of rock or soil, which may block up 
their ch^nels. 

179. The distances to which the effects of earthquakes extend 
are very great. Thus when the terrible catastrophe of Lisbon 
happened in 17«55, the shock was felt not only over nearly the 
whole of Rurbpe, but also in the West Indies. The earthquake 
which visited the const of Chili, November 19th, 1822, is said 
to have been felt simultaneously throughout a space of 1200 
miles from north to south. And in the same year Aleppo, in 
Syria, was destroyed by a.i earthqua]^e«the influence of which 
extended from the banks of the Euphrates to the island of Cy- 
prus, in the vicinity of which twro rocks are stated to have risen 
from the sea. 

180. Tiie»duration of shocks has been variously estimated^ from 
a few seconds to more than tw^o minutes. It is probable, however. 

What influence has 8ca$(m, weather or lime of day upon their recurrence t 

What are the kinds of motion felt during carihquaKos? 

How extensive are their efleepi when must violent? 


* “ It has been considered that earthquakes are presaged by certain 
atmospheric appearances ; but it may be questionable to what extent thia 
supiiosition is correct. Hifiorians of earthquakes seem to have been 
generally desirous of producing eflect in tlicir descriptions, adding all that 
' cri>uld tend to heighten the horIGr of the picture. They have not always, 
moreover, been anxious or able to separate accidental from essential circum- 
stances. As far aa my own experience goes, which is, however, limited to 
four earthquakes, the atmosphere seemed little aflecled by the movement 
of the earth, though I should be far from denying that it may be to, for 

we can scarcely imagine such movements to arise in the ourth without 
some modiflcation or change of its usual state electricity^hich would 
aflfect the atmosphere. If animals be generally sensible of aii approaching 
shock, (as has been asserted.) it might arise as well from electrical changes, 
as from the sounds which they may be supposed capable of diatinguiah- 
ing .** — De la Beche'a OecL Man,, pp. 140, 141. 
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that sii^le agitations seldom last more than half a minute, and are 
often or shorter duration ; as may be concluded from the remarks 
of observers on those slighter shocks which occur in situations 
where the Mprehension of danger is not likely to distract the 
attention.^^^ Though the shocks are sometimes single, yet it more 
frequently" happens that they recur rapidly at various iiitervals ; 
and in volcanic districts especially, they have beqn repeated oc- 
casionally for months or years. The famous earthquake that 
desolated Calabria, in Italy, and extended across the strait to 
Messina, commenced in Februkry, 1783, and the shocks continued 
till the close of 1786. 

181. Among the phenomena caused by shocks, there are few 
more singular than ttiose which result from the gyrations or rota- 
tory movements, which har^e been already noticed. ^ During the 
earthquake of CatarJ*i, the general direclion of which was from 
south-east to north-west, many statues were turned round on their 
pedestals, and a large mass of rock was turned 25° from the south 
towards the east. The same effect was mofe remarkably observa- 
ble during the earthquake at Valparaiso, jn November, 1822, 
when many houses are reported to have been turned round, and 
three palm trees were found twisted together like the strands of a 
rope. Earthquakes are almost always preceded by unusual agi- 
tations of the waters of the sea and of lakes ; and springs some- 
times send forth torrei.'ts of fetid, dark mud. A noise immediately 

§ recedes the shock, which has been described as resembling the 
, of loaded waggons rapidly over a rough pavement, an 

irregular but sudden discharge of batteries of cannon, or the 
rushing of a hurricane. 

182. The phenomena' of slight shocks are probably in general 
very similar to those which were noticed in England in 1797. A 
person who was in bed at Gloucester, about midnight, and hap- 
pened to be awake, observed an undulation of the surface of the 
ffrourd, extending from south-west nearly to north-east, and the 
bedstead, which was placed in that direction, seemed to be slightly 
raised from foot to head, and sink again with a wave-like motion ; 
while the agitation was suiRcient to cause the sashes of the win- 
dows to rattle, much in the same i^anner as they do in conse- 
quence of the passing of carriages through streets where the 
excavations for vaults and sewers extend beneath the surface ; and 
it was reported, that in some houses in Gloucester, plates, dishes, 
and other articles were thrown down from the shelves on which 
they had stood. The whole lasted rot more than a few seconds. 

183. Before we proceed to consider the influence of earthquakes 
in modifying the surface of the earth, and the different opinions 

What 18 tho ordinary duration of the motion produced by this occur- 
rence ? 

What singplar movemefiit in bodies produced by earthquakes has been 
observed to tiUce place 7 

What indications of approaching earthquakes are aflbrded by the ocean f 
What kind of sounds are most frequently observed to attend their ahock t 
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that have been advanced as to the extent and importance of their 
effects, it will be requisite to take some notice of volcanos, with 
which they are so intimately connected. The general description 
*of volcanos is that of openings in the crust of the earth, through 
which aiic ejected, from time to lime, various gases, cind^, ashes, 
stones, and streams of lava, composed of red-hot melted rocks. 
From the accuhiulation of matters thus discharged, conical emi- 
nences are formed, with funnel-shaped* cavities called craters ; and 
they generally occupy the summits ef iscdhted peaks or mountains. 

18i. Volcanos occur in all quarters of the globe, and are, often 
distributed in groups over wide areas ; as in the volcanic band 
which includes Sumatra, Java, theJVfoluccas, and the Philippine 
islands; and the line of the Andes America, extending from 
Chill, or perhaps from Terra del Fuego, to Mexico. They are 
oflen found near the shores ^f continents, or islands ; and hence 
it has been supposed that they have some necessary connexion 
with the sea. But resent researches have shown, that they also 
occur, though more rarely, at great distances from the ocean, or 
any considerable bbdJ«of salt water. 

185. ^4o1canic mountains differ greatly in height. That of Esk 
mniint, in Jan Mayen^s island, between 70 ° 49' north latitude and 
71^ 8', is but 1500 feet above the sea-beach, in Jameson’s bay; 
Vesuvius is 3932 feet above the level of the sea; Hecla, in Ice- 
land, rises to the height of 5000 feet; and that of Etna, in Sicily, 
is 10,870 feet : but the loftiest mountains are those of the Andes; 
as Pichincha, the height of which is about 15,931 feet; Coto- 
paxi has an elevation of 18,867 feet, and Antisana attains that of 
19,136 feet. Volcanos occur in variouew latitudes, from Greenland 
and Kamtschatka to Sumatra and Columbia; nor is the sea by 
any means exempt from them, numerous islands having at differ- 
ent periods been raised by volcanic action from the bed of the 
ocean in d'lffbrent parts of the world, some of which have remained 
permanently above the waves, though most of those whose ori^n 
nas been noticed have subsequently sunk, forming only submarine 
reefs and sandbanks.* 

186. The nnmber of the volcanos now occasionally in activitv 
has been stated by some to be^boiit two hundred ; though, aecoro- 
ing to others, they amount to rather more than three hundred, in- 
cluding solfataras, or smoking volcanos. But besides those from 
which eruptions have issued within the period to which our records 
^extend, there are many extinpt volcanos, of which abundant traces 
remain in several countries. Thus in France, the territories of 

What is meant by the term volcano f 

How are volcanos distributed over the surface of the earth ? 

At what different dcvationa do they occur? 

What number of active volcanos has been asiisrtained to dkist ? 


^ For an interesting account of a volcano in the island of Hawaii, (or 
Owhyhee,) the reader is referred to Silliman’a Am. Journal of Scisncs voL 
IX., p. 228; and vol. xxv., p. 199. — Eu. 
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Auvergne, Vivaraia, anil the Cevennes, exhibit conical mountaina, 
composed of lava, scorita, and volcanic ashes ; and in some of 
them the forms of the craters may still be discovered. The dis- 
trict around the town of Olot, in Catalonia, and tliat of the Eifel 
and the I^ower Rhine, in Germany, present similar appe^, ranees. 

187. Some volcanos are perpetually active, as is the case with 
that of Stromboli, in tlfe Mediterranean. It is mentioned By Pliny ; 
and there is reason to b^eve that its eruptions have been almost 
incessant during the 4pt two thousand years. According to 
Doloriieu, its crater docs not exceed fifty paces in diameter.^ I 
saw it dart,’* says that writer, during tlie night, at regular inter- 
vals of seven or eight minut^p, ignited stones, which ro^ to the 
height of more than 100 feet, forming radii a little diverging ; but 
of which the greatej^oumber fell into the^crater, while omers roll- 
ed even to the sea. Each explosion was accompauied with a burst 
of red fiame.” Mr. G. P. Scrope, from personal observation on 
this volcano, states, that there evidently exists within and below 
the cone of Stromboli, a mass of lava, of unknourn dimensions, per- 
manently liquid, at an intense temperature, and continually tra- 
versed by successive volumes of aerifom fluids, which escape from 
its surface— thus presenting exactly all the characters of a liquid 
in constant ebuUition.”* 

188. Among thosetivhich may be stvled intermitting volcanos, 
the most important are found amidst the Andes. Cotopaxi is the 
loftiest of these burning mountains, from which, at recent epochs, 
eruptions have proceeded. It is also the most dreadful of all those 
in Quito, and subject to the most frequent destructive explosions. 
The mass of scoriae, and the huge fragments of rocks thrown out of 
this volcano, cover a surface of several square leagues, and would 
form, vrere they heaped together, a colossal mountain. In 1758, 
the flames rose 2900 feet above the brink of the crater. In 1744, 
thee3aring of the volcano was heard on the borders of the Magda- 
lena, a distance of about 200 leagues. On the 4th of April, 1768, 
the auantity of ashes ejected by the volcano was so great that the 
inhabitants of the towns of Hambato and Tacunga, were obliged 
to use lanterns to walk the streets at noon day. The explosion, 
which took place in January, 1803, was preceded by the sudden 
melting of the snows that covered the mountain. For twenty years 
before, no smoke or vapour had been observed to issue from the 
crater ; and in a single night, the subterraneous fire became so 
active that at sunrise the external u^alls of the cone were heated 

i. ir . ^ % * 

Where have extinct vol canoe been observed ? 

What distinction has been founded on the periods of activity m vol- 
canos? 

^What example of constantly acting volcanos con be given ? 

Whore ara the most isrportant intermitting volcanos mund f 

What reiharkafaie events have been observed in the eruptions of Coto- 
paxi? 


Considerations on V’oIcqikis, by G. P. Seiope. F. R. SL 
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to such a temperature as to appear quite naked, and of the dark 
colour characteristic of vitrified scoriae.* 

189. One of the most dreadful Foleanic eruptions on record, is 

that which cccured in the mountain of Tomboro, in the island of 
Sumbawa, eastward of Java, in April, 181.5. It comiuendl^d on the 
5lh of April, was most violent on the 11th and 12th, and did not 
cease entirely tBl July. Out of a popnIatiSn of twelve thousand 
persons only twenty-six escaped destructmn. Violent whirlwinds 
swept away men, horses, cattle, and thingr which came 

within their vortex, tore up the iar^st trees, and covered the Reigh- 
boiiring sea with floating limber.f l^arge tracts of land were inun- 
dated by lava, several streams of v^hich issuing from the crater, 
reached to the sea. Vast clouds of volcanic dust and ashes, as be- 
fore mentioned, were cotM*eyed to immense distances, blackening 
the air, and fora time eclipsing the sun. 1*11^ floating cindeiSP to 
the westward of Sumatra, formed on the 12ih of April a mass two 
feet in depth, and sevrgal miles in surface, through which ships 
with difficulty forced their way. 

190. A captain of sPship, who was at Macassar on the 11th of 
April, 8 a 3 ^ 8 : By noon, the light that had remained in the eastern 
part of the horizon disappeared, and complete darkness had cover- 
ed the face of day: our decks were soon covered with falling mat- 
ter ; the awnings were spread, fore and aft, ^o prevent it as much 
as possible from getting below ; but it was so light and subtile, 
that it pervaded every part of the ship. The darkness was so pro- 
found through the remainder of the day, that I never saw any thing 
equal to it in the darkest night ; it was impossible to see your hand 
wiien held up close to the eye. The as^e^ continued to fall with- 
out intermission through the night. At six o^clock the next morn- 
ing, when the sun ought to have been seen, it still continued as 
dark as ever ; but at half past-seven 1 had the satisfation to per- 
ceive that thie darkness evidently decreased, and hy^ eight 1 qpuld 
faintly discern objects on the deck. From this time it began to get 
lighter very fast, and by half-past nine the shore was distinguish- 
able ; the ashes falling in considerable quantities, though not so 
heavily as before.” 

191. The appearance of the ship, when daylight returned, was 
most extraordinary ; the masts, rigging, deck, and every part 
being covered with the falling matter ; it had the appearance of 
calcined pumicestone, nearly the colour of wood ashes ; it lay in 

f 

What meteorological occurrences attended the eruption of Tomboro ? 

What account has been given of the extent and depth of the darkness 
produced by the floating cinders? 


* Edinhureh Review, vol. xxiv. p. 142 ; from Humboldt'it Researci^a 
concerning America. ^ 

t For a theory of tornados, referring them to a disturbdhce ontmospherio 
equilibrium by the condensation of vapour and the consequent heating 
or superior strata of air, causing strong ascending currents, see the subse- 
\uont treatise on meteorology. — Eo. 
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heaps of a foot in depth in many parts of the decky and I am eon^ 
Yinced several tons weight were thrown overboard ; for although 
a perfectly impalpable powder or dust when it fell, it was, when 
compressed, of considerable weight. A pint measure hiled with 
it weighe<d i2i ounces ; it was perfectly tasteless, and did jiot effect 
the eyes with any painful sensation ; it had a faint, burning smell, 
but nothing like sulphur. By noon, on the 12tli, the sun again 
appeared, but very faintly, through the dusky atmosphere, the air 
still being charged ^it||||ho ashes, which continued to fall lightly 
all that day and the suCceedinff one.*’ 

199. Along the sea-coast otBumbawa, and the neighbouring 
islands, the water rose suddenly from two to twelve feet, neat 
waves rushing up the estuaries, and again retreating. At Bima, 
about 40 miles westward df the volcano, Jthough the wind was still 
dur^g the whole tiA% of the eruption, the sea rolled in upon the 
shore and hUed the lower parts of the houses with water a foot deep. 
£very prow and boat was driven from its q^chorage, and thrown 
ashore. The perpendicular depth of the ashes that fell here was 
found to be 3 j inches. The noise of the explosions, as heard from 
this place on the 14th, is said to have been most terriiict resem- 
bling the reports of a heavy mortar fired close to the ear. The 
town called Tom boro, on the western side of the volcano, was 
overflowed by the sea, which encroached upon the shore at the 
foot of the mountain, so as to leave the land permanently sub- 
merged to the depth of 18 feet.*' 

193. **The changes produced by such eruptions as that here 
recorded, would, independently of the alteration in the shape of 
the volcano itself, and of the streams of lava which flowed from 
it, extend to very considerable distances. On the dry land, vege- 
tables and animals would be entombed beneath stones and ashes, 
the quantity of the covering matter probably increasing with the 
proximity of the volcano. And if it should chance, as sometimes 
happens, that the aqueous vapours discharged from the volcanic 
vent were suddenly condensed,! the torrents produced would 
sweep away not only the looser parts of the volcano, but also the 
plants and animals which they might encounter, imbedding them 
in a thick mass of alluvial matte;. The vegetable and animal 
substances enveloped by the discharged ashes, cinders, and stones, 
falling into the sea, would be both marine and terrestrial ; and a 
very curious mixture, so far as regarded its organic contents, 
would be observed: trees, men, cat^e, fish, corais, and a great 

What sensible qualities were possessed by the cinders which fell on 
that occasion ? 

How was the sea aflfected, and what evidence have we that it arose from 
other than lh» ordinary causes ? 

,What important geological phenomena may result from such occurrences 
as at Tombo^ ? ^ u 

• Bninde*! Journal of Science, vol. i.; Hist of Java, by Sir T. S. Raffles, 
vol. i. p. 28, dec. ; Life of Sir T. S. Raffles. 

t See note on preceding page. — Ko. 
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variety of marioe remains, would be incased, and it might so 
happen that, both on the land and in the sea, a bed of lava might 
cover such accumulations.”* 

194. The quantity of solid matter ejected from some volcanos 

is immensely great. Vesuvius, Etna, and other volcaiic moun- 
tains have, at different times, discharged lava, cinders, and ashes, 
the total bulk oi^which would at least eqiiabthat of the mountains 
whence they issued. During one eruption of Etna, an area 150 
miles in circumference is said to ha^e be||||i|overed with a stratum 
of volcanic sand or ashes 12 feet deep. the same volcano, 

according to Dolomieu, poured dlit a stream gf lava 12 miles in 
length, li in breadth, and 200 feet in thickness. That writer also 
states, that some of the currents of fhva from Etna are 10 leagues 
in length, and 3 in breadth.f But the itiost extensive known cur- 
rent of modem lava appears to be that foriMed by a volcano in 
Iceland, in 1783, which is 60 miles long, and 12 broad, equalling 
in extent any continuous rock formation in England.:): The su^ace 
of the country for many leagues round Naples seems to be com- 
posed of volcanic matlejr. Herculaneum and Pompeii, which were 
covered bv vast showers of ashes during the first recorded eruption 
of Vesuvius, A. D. 79, when they were partially disinterred in 
the course of theJast century, were ascertained to have been 
founded on a volcanic rock, and their streets were paved, and 
some of their buildings constructed of blocks of lava, of uncertain 
but early origin. 

195. The present cone of Vesuvius is supposed to have been 
formed since the eruption just mentioned, and the more ancient 
lavas to have flowed from the adjacent mountain, now called 
Somma. Near Puzzuoli, on the coaft of the bay of Baiae, a 
mountain was thrown up suddenly, September 29, 1538, after 
repeated shocks of earthquake. Its present height is 440 feet 
above the Igvel of the sea; and it is about 1^ miles in circum- 
ference. This volcanic cone is called monte Nuovo; and* at a 
short distance "i^m it is anoj^r of more ancient date, and larger 
dimensions, named monte Bamaro. 

196. The phenomena of svfbmariiie volcanos resemble, in many 
respects, those of^b-aerial wibanos ; the chj|bdiffere]M^ consist- 
ing in the more a[piou8 emimon of a^Meous vapour Vd gases, 
and in the formation of temporary or pwmanent islands. It is 
probable that Owhyhee, and many other islands in the Pacific, 
were formed in this mann^; as also the Canary islands, the 

* Azores, and several others.^' Such likewise was the origin of the 

What striking facts illustrate the force and duration of volcanic actions ? 

What evidence have we that Herculaneum and Pompeii were not do- 
strewed by the first eruption of Vojpivius? 

^^at extinct volcanos are found in Italy? 

* De la Beche*8 Geol. Man. p. 132. 
t Memoir sur les Isles Ponces, &c. p. 166. 
t Bakewell’s Introd. to Geol., p. 37o. 

$ See the reference to Am. Journal of Science, on page 361. 
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liiparl islandsi as we learn from historjr ; and of some of those in 
the Grecian archipelago, where a new island arose in 1707, called 
Nea [New3 Kaimeni, near Santorin, which, as well as some of 
those adjacent, was thrown up at a more remote period.* Among 
the numerous instances on record of islands produced hj subma- 
rine volcanos which have subsequently sunk beneath the surface 
of the water, one of tvhe most recent occurrence was that, the 
elevation of which took place in July, 1831, between the island 
of Pantellaria and the of^icily. This has been circumstan- 
cially ^escribed by observers ; but for the highly inter- 

esting details we must refer to the annexed authorities, j 

197. Sonte volcanos eject only gases and vapours, and these 
are called solfataras, or, wherd the cones are very small, /umaro/ip, 
and in Mexico, homitoa / (mhers send forth torrents of water and 
mud, as is the case ^\th the volcano of Macalubba, in Sicily, and 
frequently with the volcanic peaks of the Andes ; but the more 
usual products of volcanic action are streams of lava, and 
showers of scoriae, sand, and ashes, accompanied, however, by 
clouds of steam and gas. As to the coniftosition of lavas, exact 
information is wanting. Hovrever, Mr. Phillips says, ** it is nearly 
certain that feldspar and augite are the principal ingredients, and 
that the colour of the lava is dependent on the prevalence of the 
one or the other. 

198. ^^The minerals which are discoverable as entering, in 
notable proportion, into the composition of volcanic masses, are 
very few ; as feldspar, compact feldspar, augite, hornblende, 
oxidulous iron, olivine, mica, leucite ; other minerals, indeed, 
are found in their cavit^s^ but these can scarcely be said to enter 
into the composition of the rock.'* — ** It is remarkable, that quartz, 
BO extremely abundant in rocks of which the composition is not 
suspected to be of volcanic origin, is scarcely ever found in such 
as are decidedly volcanic."^ It must, however, be observed that 
Mr. Poulett Scrope enumerates among volcanic TOcks, quartz- 
iferous trachyte, containing numer^j^s crystals quartz; and 
siliceous trachyte, having much silek in its composition.^ 

199. As to the causes of volcanos and earthquakes, various 
opinions Jjvve beidByrqppsed, 8oii||l«Df whichjjppear to be quite 
inconsistem with the produced. Thus tPerner and his dis- 

Xn what particulara do submarine, differ from other volcanos f 

What striking examples of this kind of volcanos are found in different 
parts of the glcroe ? ^ 

To what is the term solfatara applied ? 

What mineral ingredients are most abundant in Uie matter ejected from 
volcanos ? 

■ ■■ ■ - ■ TT — 

* LyelPs Prin. of Geol., vol. ii. pp. 151—155. 

f Philos. T^nsactions fpr 1833 ; Journal of Geographical Society, 1831 , 
Annales tles^cienses Matiirelles, tom. xziv. ; and Lyell's Principles of 
Geology, vol. ii. pp. 145 — 150. 

t Outlines of Mineralo^ and Geology, p. 264. 

i Quarterly Journol of t^ience, vol. xxi. 1826 
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eiples attributetl them to the spontaneous combustion of beds of 
eoal ; and others imputed their origin to the inflammation of vast 
repositories of sulphur or petroleum, collected in caverns of 
the earth; and the experiment of Lemery, noticed elsewhere,* 
has been alleged as affording an explanation of theirnanner in 
ovhich sulphur and iron might take hre when buried in the earth. 
A more plausible hypothesis was propose by Sir H. Davy, who 
having discovered that potash and soda were the oxides of highly 
inflammable metals, which becomp ox|i|||ed with the extrication 
of abundance of heat when they coi^r in contact with^water, 
sought to explain volcanic phenomena, by imagining the existence 
of large quantities of the metallic bases of the alkalis within 
the bowels of the earth, and theif sudden oxidation through the 
access of sea-water to tjiie cavities in ^hich they were contained. ' 
This theory has been adopted and advocatdlbrecently by Dr. Dau- 
beny, in his Description uf Active and Extinct Volcanos ;’*f»ut it 
seems inadequate to the full development of the agency on which 
the vast po^wer and extensive influence of these phenomena de- 
pends. 

200. Earthquakes and volcanos may be supposed to have a 
oommoif origin, since volcanic eruptions are generally preceded 
by agitations of the surface of the earth, such as would necessa- 
rily be caused by the efforts of heated and^expanded fluids, either 
litpiid or gaseous, and especially of the latter, embowelled in the 
earth, to escape through the superincumbent strata. It is true, 
that earthquakes happen frequently in countries where there are 
now no volcanos, and it may be admitted, that they sometimes 
are neither accompanied nor foil owed Jby^ volcanic eruptions; but 
this only proves, that the elastic force of expansive fluids confinod 
within the earth, may not always be sufficiently powerful to over- 
come at once the resistance to their exit, and therefore they 
cause conc^issions of the surface ; and accordingly it has b^n ob- 
served, that Treated earthquUkes during longer or shorter pe- 
riods have AgipSently preceded violent volcanic eruptions. 

201. If, then, earthquakes and volcanos depend on the same 
causes, the source of these phenomena must be very deeply seated 
below the earth^s surface : ^or though volcanos might bo regard- 
ed as confined to oertaii^ocalities, the action of earthquakes 
seems to be almost unlim4p9 since these concussions of the sur- 
face have been felt over nearly half the globe. Mr. Bakewell, in 
reference to the earthquake,, ot Lisbon, the shock. of which was 
perceived in the United States and the West Indies, observes, 
that ^*the cause which could effect a simultaneous concussion 
over such a vast extent, must probably have been seated nearly 


What difierent theories have been adopted to account for volcanic jphe- 
nomena ? • 1 . 

What circumstances indicate that earthquakes esid vdicanos proceed 
from a common cause ? 


* See Treatise cm Chemistry. - 
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midway between the centre of the globe and its surface/’* 
Such widely acting power cannot reasonably be ascribed to the 
topical agency of chemical affinities ; and hence some bold specu* 
latoTS have inferred, that these phenomena are connected with the 
central firt^ or rather with the candescent matter supposed to exist 
in the interior of the earth. Volcanos, therefore, are considered 
as safety-valves, by means of which some portio^is of the sub- 
stances in fusion which form the internal mass, escape from 
time to time, with yiolea|||| to |low over the surface of the soil.f 

202. ^ The electric inilcRnce, whatever may be its nature, cannot 
but be considered as one of the most powerfully active causes of 
the changes which have at former periods been produced in the 
surface of the earth as well as bf those which are now in progress. 
But notwithstanding the discoveries which have been recently 
made relative to eleeM.*icity, and its connexion with magnetism, 
we are still too little acquainted with its mode of action to be 
enabled fully to appreciate the extent of its .operations. 

203. There can be no doubt but the chemical combinations and 
decompositions of bodies on the surface of thja«eaTth must be greatly 
influenced by atmospheric electricity ; and there is some reason 
for concluding that subterranean phenomena may depend on 
its mysterious agency. **Now the identity of magnetism and 
electricity seems, in many respects, to be established, it may de- 
serve consideration, whether an interruption to the magnetic or 
electric currents which circulate through the earth, may not some- 
times occasion earthquakes acting almost instantaneously under 
large portions of the globe. If, as some philosophers maintain, 
there is a central fire uniter every part of the globe, or if certain 
spaces only are filled with ignited matter, we can scarcely doubt 
that chemical changes are taking place, which will also change 
the electrical relations between the-*mineral beds. A series of 
strata may act like the plates of an immense Voltaic battery, and 
discharge the electricity from ond internal part o^the globe to 
another, exciting vibrations that may agitate a^lHiole hemis- 
phere.”± 

204. Researches concerning the extent and importance of the 
modifications of the earth’s surface, which have resulted from the 
action of existing causes, have led different philosophers to dis- 
cordant conclusions relative to the oBure of that agency which 

At what depth beneath the surface mus^ that cause be seated I 

How does this appear? 

In what light are volcanos to be considered in reference to internal 
fires? 

Which of the imponderable agents, besides heat, is probably concerned 
in producing the changes now in progress on the globe ? 

What anmogy has been supposed to exist between terrestrial strata and 
Vo] laic plates^ e 

* Introduction to Geology, p. 373. 

t Bertrand Lettres sur Rev. du Globe, p. 69. 

I Bakewell's Introd. to Geology, p. 375. 
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produced the ro&s composing the crust of the earth, and occa- 
sioned the dislocations and changes they have undergone at far 
distant and unknown periods, ^hile some assert the efficiency 
of the causes now in action, others represent them as inadequate 
and insignificant. With regard to the effects of winds^ currents, 
*^d other modifying causes, Mr. Conybeare has the following 
remarks : 

205. These actions appear to be circumscribed within very 
narrow limits : over a great part of eugh’s surface the influence 
of these wasting causes is absolutely nun, the mantle of green- 
sward that invests it being an effectual protection. The barrows 
of the aboriginal Britons, after a lapse of certainly little less, and 
in many instances probably more. Than two decads of centuries, 
retain very generally alUthe pristine sAiarpness of their outline ; 
nor is the slight fosse that sometimes siMounds them in any 
degree filled up 

206. Causes, theg, which in two thousand years have not 
affected in any perceptible manner these small tumuli, so often 
scattered in very exposed situations over the crests of our hills, 
can hav^ exerted no very great influence on the mass of those hills 
themselves in any assignable portion of time, which even the 
imagination of a theorist can allow itself to conceive ; and where 
circumstances are favourable to a greater degree of waste, still 
there is often a tendency to approach a maximum at which fur- 
ther waste will be checked; the abrupt cliff will at last become a 
slope, and that slope become defended by its grassy coat of 
proof. 

207. It should appear, that even the action of the sea, certainly 
the most powerful and important of aTl tliose we have surveyed, 
has a similar tendency to impose a limit to its' own ravages. 
It has obviously in many instances formed an effectual barrier 
against itself, by throwing up shingle-banks and marsh-lands in 
the face of cliffs against which it once beat ; and after tlte de- 
struction has been carried to a certain point, it appears necessary 
from the mode of action, (excepting where very powerful currents 
interfere,) that the very materials resulting from the ruin should 
check any further increase; even where these currents^ exist, 
these also have a tendency to throw up barriers of shingle in their 
eddy. Historical records, and the very nature and physical 
possibilities of the case, alike compel us to dissent entirely from 
those crude and hasty 8pe;culations, which would assign to the 
causes now in action, the power of producing any very material 
change in the face of things; and which would refer to these 
alone, acting under their present conditions, and with only their 

Whfit effect has vegetation on the rapiditg of changes* on the earth's 
surface ? 

How is this exemplified in Great Britain ? 

What limits the power of the ocean to wear away its shores ? 
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present forces, the mighty operations which have formed and mo- 
dified our coniinents.^^* 

208. Mr. Conybearc does not here distinctly mention earth- 
quakes and volcanos among the existing causes of alteration of 
the Burfao:) of the earth ; and as he could not have overlooked 
their influence, it is probable that he regarded their action aS 
being too limited to prsduce any considerable effe^. Mr. De la 
Ileche, who also asserts the dissimilarity of the ancient and mo- 
dern modifying causes terrestrial conformation, makes Ihe 
following observations on the phenomena to which we have just 
alluded : 

303. If we withdraw ourselves from the turmoil of volcanos 
and earthquakes, and cease to dieasure them by the effects which 
they have produced upon ofir imaginations, we shall find that the 
real changes they caifih on the earth’s surface are comparatively 
8mal^, and quite irreconcilable with those theories which propose 
to account for the elevations of vast mountain ranges, and for 
enormous and sudden dislocations of strata, by repeated earth- 
quakes acting invariably in the same line, thtts raising the moun- 
tains by successive starts of five or ten feet at a time, or bv catas- 
trophics of no greater importance than a modern earthquake. It 
is useless to appeal to time : time can effect no more than its 

f lowers are capable of nerforming : if a mouse be harnessed to a 
arge piece ot ordnance, it will never move it, even if centuries 
on centuries could be allowed ; but attach the necessary force, 
and the resistance is overcome in a rainute.”f 

210. Among those writers who have taken the opposite side of 
the question, and maintained the efficacy of causes now operating 
to have produced the more ancient modifications of the surface of 
the earth, Mr. Lyell has distinguished himself by the learning and 
ability displayed in support of the opinions he has adopted. 
The full force of his arguments can only be appreciated by those 
who h^ve the opportunity for examininj^ the extensive mass of 
information which he has collected in his treatise on The Prin- 
ciples of Geology.”'!' The following are some of the important 
remarks and inferences which he has deduced from theconsidera* 
tion of existing phenomena, and of the> degree of analogy observa- 
ble between ancient and modern formations : 

311. ** It is undeniable that many objections to the doctrine of 
the uniform agency of geological causes have been partially or 

What objection has been raised to the supposition that changes in the 
earth's surtace are due to causes now in action ? 

What distinguished writer has maintained the affirmative of that hypo- 
thesis 7 


* Outlines of the Geology of England and Wales, by Conyboare and 
PiiilHps, pt. i. '18S2. Introduction, pp. 33, 33. 
t Geol Mnn.V pp. Ud. 

t 8ee especially Book 11., contained in the 1st and 2d vols. of the third 
edition. 




GEOLOGICAL SPECULATIONS. * 


371 


entirely removed by the progress of the science in the last forty 
years. It was objected , tor example^ to those who endeavoured 
to explain the formation of sedimentary strata by causes now in 
diurnal action, that they must take for gpranted incalculable periods 
of time. Now the lime which they required has sinse become 
equally* requisite to account for another class of phenomena 
oroaght to ligl\); by more recent investigalions. It must always 
have been evident to unbiassed minds, that successive strata, con- 
taining, in regular order of super]goBition, distinct beds of shells 
and corals, arranged in families as they ctow at the bottom of 
the sea, could only have been foftned by mow and insensiSle de- 
grees in a great lapse of ages : yet, until organic remains were 
minutely examined and specificaHy determined, it was rarely 
possible to prove that a series of deposits met with in one country 
was not formed simultaneously with tlidt found in another. 
But we are now able to determine, in numerous instances^ the 
relative dates of sedimentary rocks in distant regions, and to 
show by their organic^emains that they were not of contemporary 
origin, but formed ii^ succession.*’ 

213. ** We cannot reflect on the concessions thus extorted from 


us, in regard to the duration of past time, without foreseeing that 
the period may arrive when part of the Huttonian theory will bo 
combated on the ground of its departing too far from the assump- 
tion of uniformity in the order of nature. Oh a closer investigation 
of extinct volcanos, we find proofs that they broke out at suc- 
cessive eras, and that the eruptions of one group were often con- 
cluded long before others had commenced their activity. Some 
were burning when one class of organic beings were in existence, 
others came into action when a difterefit and new rpce of animals 
and plants existed : it is more than probable, therefore, that the 
convulsions caused by subterranean movements, which seem to be 
merely another portion of the volcanic phenomena, have also 
occurred in* succession ; and their effects must be divide<f into 
separate sums, and assigned to separate periods of time. 

213. ** Nor is this all : when we examine the volcanic products, 
whether they be lavas, which flowed out under water or upon dry 
land, we find that intervals ^f time, often of great length, inter- 
vened between their formation, and that the ellects of single erup- 
tions were not greater in amount than those which now result from 
ordinary volcanic convulsions. The accompanying or preceding 
earthquakes, therefore, may be considered to have been also suc- 
* cessive, often interrupted 0y long intervals of time, and not to 


How has the objection of want of time for sedimentary deposits been 
mot ? ... 

What data have we for deterniinin|^ the dates of sedimentary rocka ? 
How do the known facts respecting volcanos prove a succession-^of 
geotogical erasf * ^ 

What difference in the products of volcanos tends to estoblish the same 
general truth ? 
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have exceeded in violence those now experienced in the ordi* 
'"nary course of nature.” — It was contrary to analogy to suppose 
that nature had been at any former epoch parsimonious of time and 
prodigal of violence— >to imagine that one district was not at rest, 
while another was convulsed— that the disturbing forces were not 
kept under subjection, so as never to carry simultaneous havoc 
and desolation over ^he whole earth, or even' over one great 
region.”* 

\214. It must be impossible, to form any correct judgment as to 
the relative probability of these conflicting estimates of the in- 
fluence of those natural causes how in action on the structure and 
conformation of the crust or exterior portion of %e terrestrial 
globe, without a previous acqhaintance with the observations that 
have been made on the visible phenomena of the early formations, 
and the displacem^rts and modifications to which they have 
evidently been subjected. Hence it will be requisite to take some 
notice of the great convulsions of the surface which have left 
indelible traces of their occurrence; and also to give a brief de- 
scription of the usual appearances of rockEr, and of their modes 
of consolidation, stratification, and juxtaposition. 

What argument in favour of present causes is aflbrded by the Ameri* 
cart lakes? (Wo/e.) 

How is the objection Id that argument answered by Bou6 1 

Ry what oliservations may we be enabled to judge of the correctness 
of nnv theory concerning present or past causes of change in the earth's 
crust? 


* Prin. of Geol., vol. i. pp — 139. As on argument for the probability 

that ancient deluges were owing to causes similar to those now in opera- 
tion, Mr. Lyell observes that ** the existence of enormous seas of fresh 
water, such as the North American lakes, is alone siiflicient to assure us. 
that the time may come, however distant, when a deluge may lay waste 
a cor^ndorable part of the American continent.” Mr. Caavbeare, in a 
paper puhlishoa in the “ Annals of Philosophy, 1830 and 1831,” endea- 
vours to invalidate the reasoning of Mr. Lyell, by a comparison of the 
elfect produced by the cataract of Niagara, vcith the erosive action of the 
current of the Thames, in scooping out the valley through which it flows, 
alleging that according to the flu viatile hypothesis of the formation of 
valleys, that of the Thames must have been hollowed out by that river , in 
the course' of the same period of time during which the waters of the lakes 
have only worn a channel seven miles In length. But M. Bon6 remarks, 
that '* the hollowing out of the valley of the Thames and its lateral hanks, 
commenced not merely since the tertiary epoch, but long anterior to it, 
since the valley traverses very dififerent*fbmiation8 ; while, on the con- 
trary, the cataract of Niagara was formed in the alluvial modern or 
Jovian period of M. Brongniart.” Previously to that epoch he alleges 
that the American lakes emptied themselves into the Mississippi, and that 
the course of their outlet was changed by volcanic phenomena, of which 
there are still some traces in Canada and the northern United States. 
Seu a French translation of Mr. Conybeare's ** Examination of those Geo- 
logical PhenomenafWhich apiiear to nave the most immediate Connection 
with Theoretical Opinions,” by M. Bou4, with Notes, in his ** M4moires 
Gdologiques,” Vbi. i. 
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Excavation of Valltyc^ Denudation of Surfaces, and Ekvaiion of 
Mountains and Continents. 

215. The great diversity of appearance of the surface o£ the earth 
is caused chiedy by the occurrence of valleys and mountains ; and 
an inquiry into Uie circumstances of their formation, so far as they 
can be ascertained from existing appearances, may serve materially 
to enable us to appreciate the natur^ of the power by which they 
were originally produced or subsequently modified. 

• 216. Valleys have sometime# been distinguished info two 
classes, termed natural valleys and excavated valleys. The origin 
of the former is ascribed by WdVner to original inequalities 
of the deposits which (jirm the surfsfse of the earth. Valleys 
of this kind might originate from the grsRKial desiccation of a 
lake ;* and precipitations of solid matter from the water n(fight 
obviously take place, without causing any considerable alteration 
of the figure of the *basin. For the depositions might form 
strata, of equal thickness on the bottoms and sides of the cavity, 
so as only to lessen its*size ; or if the water dried away very gra- 
dually, tne deepest deposit would be in the centre, and the basin 
might still preserve nearly the same outline. 

217. It may easily be conceived, however, that the deposit may 
be so arranged as to cover the bottom of th# lake, fill up any irre- 
gularities, and alter more or less the form of the cavity, rendering 

it shallower, and 
in place of a deep 
lake, leaving a val- 
ley.with a level 

surface at the bot- 
tom. The subjoined figure exhibits sections of two valleys of dif- 
feietit extewt, the lighter part marking the outline of the solid 
iock, and the darker the deposits of gravel and detritus i^hicji 
have partly filled the cavities. Such valleys, where the super- 
ficial strata are undisturbed, may be regarded as being coeval 
with the formation of the tract in which tney^ are situated. 

218. Excavated valleys, or valleys of erosion, exhibit very dif- 
ferent appearances. These occur in hilly and mountainous countrms, 
while the former may be found in the midst of extensive plains. Fhe 
excavation of valleys may take place under a variety of circum- 
stances, producing correspqpding irregularities of conformation. 

‘When strata which were once continuous are broken and swept 

How have valleys been distinguished ^ , 

What is the peculiar character of the first clw? 

How may we account for the deimits in drained lakM? 

How do valleys of erosion differ from natural valleys ? 

— — 5 m 

• For 8 CM. of this kind see Mr. R. C. Taylor’. P8pcr <m the Kidi» 
coquillas valley, in Mifflin county, Pennsylvania, Trans, ol Geol, Soc, ol 
Fo., vol. i. p- IM. — Kn. 

f 
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away by a torrent of water, if the beds were arranged horizontally, 
the opposite sides of the valley would present similar rocks at 
the same elevation; while the alluvial soil or looser deposits 
would form the summits of the adjacent eminences, as represented 

in the marginal figuv^e. 

219. Sometimes, however, 
the appearances are very dif- 
ferent. The opposite strata 
of a valley not being arranged, 
horizontally, but inclined at a 
certain angle, beds of the 
same rock form ascending lines on one side, and descending lines 
on the other, as may be perceived in the following figure. 




In this section it will appear, that the stratum o, which forms the 
summit of the hill on one side of the valley B, descends to the 
basis of the hill on the opposite side of the same valley. Instances 
of this kind not unfrequently occur; and they are obviously 
owing to the different beds having been tilted or upraised simul- 
taneously by an earthquake, or some other convulsion of nature, 
previously to the scooping out of the valley and removal of those 
portions of once continuous strata which had occupied its site. 

When the beds thus cut through and partially swept 
away consist of well characterized rocks, such as would be 
recognized without difficulty, if found in masses, either large or 
small, far from the strata still remaining in situ / and when such 
shapeless fragments are found at a distance from the former, it 
may naturally be concluded that they, at some preceding period, 
filled the now open space. If, then, it appears that these de- 
tached masses have not sharp angles and edges, but are worn and 
rounded, it must be inferred, especially if the rock be hard and 
coni pact, that the blocks or pebbles'^had been subject to violent 
attrition against each other, in the course of their long and distant 
transport; and that the same deluge that had occasioned their 

How may valle}ra of erosion exhibit difierent positions of the original 
Btr(.fa ? ^ 

What infekjnce ()p cases of this kind enable us to draw in regard to the 
relative ages of river beds, and their subjacent rocky strata f 

What are we allowed to suppose has been the origin of water wom 
stones in the beds of rivers t 
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disruption^ or exposure to subsequent action of a similar descrip- 
tion, had reduced them from an angular to an oval or globular 
shape, like the water-worn pebbles on the sea-beach. 

321. Now thpre are to be Siet with in many countries on the 
surface of the earth masses of different sizes, and of every variety 
of rock f some of these are large and angular, as is th^case with 
the vast blocks of granite strewed over the surface of several 
parts of Germany, and which have been Teferred to the granitic 
chains of the Norwegian and Swedish mountains, as their original 
position. Other portions of transported matter are small and 
rounded, as may be observed with respect to the gravel so»largely 
distributed over many countries, and which is found in thick and 
extensive beds in England. This gravel is almost entirely Hint, 
formerly contained in the chal k-sirat|^, which seem to have once 
covered nearly the wholb of the south -east part of that country, 
from some districts of which it has been earned away, at a c^stant 
period, by a great flood or floods, which softened and washed off 
the lighter chalk, leaving the more compact and heavier flints 
behind. 

222. Great masses *of rock and transported gravel are found in 
the nort4i of England. Professor Buckland observed among the 

f ravel of Durham twenty varieties of slate and greenstone, which 
o not occur, in nearer than the lake district of Cumberland, 
lie also mentions a large block of granite at Darlington, of the 
same nature with that at Shap, near Penrith ; and other blocks of 
this granite are found in different parts of Durham.* Professor 
Sedgwick notices large transported boulders on parts of the Der- 
byshire chain of hills overhanging the great plain of Cheshire. 
He observed hoiildors and pebbles at4he»base of the Cumberland 
mountains, which must have been transported acittss the Solway 
firth, from Dumfriesshire. On a hill near Heytoncastle, about 
four miles north-east from Maryport, there are large granitic 
boulders resembling the rocks of the Criffel ; and among |bem a 
spheroidal mass, in one direction lOj feet in diameter. Vast mul- 
titudes of transported, or, as they have been termed, erratic blockify 
are found scattered over the northern counties of England. 

223. The blocks of Shap granite, which cannot to confounded 
with other rocks in the nortfi of England, are not only drifted over 
the hills near Appleby, but have been scattered over the plain ot 
the new red sandstone ; rolling over the great central chain of 
England into the plains of Yorkshire ; imbedded in the transported 
detritus of the Tees ; and dven carried to the eastern coast, f 

224. In Scotland, likewise, such blocks abundantly occur, and 

To what source are the blocks of granite in Germany generally referred? 
What origin is assigned to beds of pebbles and gravel ? 

What facts have English geologists observed in conflnnation this 
theory ? 


* Biickland’s Keliquite Diluvianie. 
t Do la Becho’a Geol. Man., pp. 187, 188. 
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in some remarkable situations; as in the Shetlan'd islands, where 
there are boulders, which do not correspond with any known rock in 
the comitry, and which were probably derived from the northward. 
It seems likewise that similar phenomena are observable in the 
Feroe islands.*' 

s?25. “ Vhe probability, therefore,” says Mr. De la Bcche, “as 
far as the above facts ,seem to warrant, is, that masses of water 
have proceeded from north to south over the British isles, moving 
with sufficient velocity to transport fragments of rock from Nor- 
way to the Shetland isles and the eastern coast of England ; the 
course cf such masses of water having been modified and obstructed 
among the valleys, hills, and mountains, which they encountered; 
so that various minor and low currents having been produced, the 
distribution of detritus has been in various directions.” 

226. The contineatp both of Europe and North America, fre- 
quently present analogous phenomena of erratic blocks and trans- 
ported gravel. It is diflicult to account for the occurrence of erratic 
blocks, particularly in certain situations, ffbm which it must be 
inferred, that they have been carried across^the sea, and some- 
times to great distances. It has been conjectured that these mas- 
sive bodies might have been imbedded in ice, and tlfbs con- 
veyed by currents which would have failed to remove them had 
not their specific gravity been thus diminished. Other hypotheses 
have been proposed to account for these phenomena, but they are 
not sufficiently probable to require further notice ; and we shall 
only remark, in the words of a distinguished writer, that “ solu- 
tions of the problem of erratic blocks seem not very practicable at 
present.” 

227. In some districts, Im.nense tracts of strata, several hundred 
feet in thickness, have been torn from the surface, and the mate- 
rials all carried off, except some occasional patches, forming the 
caps of isolated hills, the analogous composition of which snows 
that th-iy were once parts of a continuous formation. 'These ex- 
tensive removals of superficial strata have been termed denuda- 
tions, of which phenomena Great Britain presents niimprous in- 
stances; one of llie most remarkable of which is that called the 
denudation of the valley of the Weald, including the district 
between the north and south Downs, chiefly in the county of 
Sussex. The geology of this tract has been rendered highly 
interesting by the researches and important discoveries of Mr. 
Mantell, relative to the fossil remains imbedded in some of the 
strata; which will be subsonuently noticed. The Wealden coun- 
try is bordered on three sides by chalk hills, which terminate 

What is inferred to have been the direction of the currents which 
transported the boulders found in Great Britain? 

What siinpositiuns have been advanced to account for the presence of 
erratic blocKs at great distances from their original situations? 

What is monni. by denudation, in geology ? 

* Dr. Hibbert, in Edinb. Joum. of Science, vol. vii. 
t Gcolog. Man., p. 189 
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abruptly on its confines, and which appear to have i -\ce extended 
over the intermediate space. Professor H. D. Rogers in his recent 
reconnoissance of the Geology of New Jersey has discolored what 
he concerves to he evidence that the lower and maratime portions 
of that state have undergone the process denudation, having 
only here and Aere a bluff or crag formed of entirely different 
materials from those of the general surface of that region.* 

228. The origin of valleys has soiffetimes been attributed to those 
convulsions of the earth which ooeasion the elevation of maintain 
ridges ; and some valleys must doubtless have been thus produced, 
however they have been snbsequenAly modified by the action of 
the atmosphere or of running water. If the crust of the globe 
were broken, and raised fn parallel ridges, tli^y might form moun* 
tain ranges, with valleys between them, like what are obsewed 
bordering the central range of the Alps; the arched stratification 
of many of the calcareous mountains, and the vertical position of 
the beds, favours this hypothesis.” 

229. The production^)f mountains has been ascribed to different 
causes; but the most obvious and important seems to be elevation 
in consequence of some force acting from beneath. Volcanic ac- 
tion has in numerous instances formed mountain cones and peaks, 
consisting of deposits of scoriae, ashes, and4ava. But there are 
many situations in which granitic and other primary rocks, con- 
stituting in general the lowest strata of the crust of the globe, 
have been raised in a solid state, so as now to form the summits 
of lofty mountains. Long chains or ridges of hills, which occur 
in various parts of the world, cannot orMifhte from the immediate 
influence of volcanic eruptions. Such ^evations of* solid matter, 
and extensive ridges, therefore, must be supposed to be owing to 
the operation of causes such as those which occasion earthquakes, 
or rather, in fact, to be the result of earthquakes taking plac^ on 
a most stupendous scale. 

230. The manner in which the more dense and solid masses of 
primary rocks may be forced up, and made to break through the 
less compact strata of clay, gravel, or other substances, by pres- 
sure from below, and thus form the summit of a mountain ridge, 

may be understood 
from the marginal fi- 
gure. Here the irre- 
gular conical mass 
111 the centre, which 
may be supposed to 
be granite, gneiss, or 

To what is the origin of natural valle 3 rs attribqied by geologists ? 

In what direction must the forces have acted wnich j^rodutfsd the pre- 
sent mountains ? 

What classes of mountains may be referred to volcanic action ? 


* These views were communicated, by Professor R* & the Acadeniy of 
Nat. lienee, of Philadelphia, Nov.. 1835. — Ed. • 
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primary limestone, is represented as having burst asunder the 
superior strata, which now form the sides of the mountain. 
Wherever^ trata, originally horizontal, exhibit a vertical or highly- 
inclined position, the sudden and violent operation of an elevating 
force may be inferred f and where mountains are caised to a con- 
siderable height, and preserve an unbroken range of nearly hori- 
zontal strata, it must be concluded that the upheaving force was 
slow iQi its operation, or acted pu a large segment of the earth’s 
surface. 

231. The elevation of large continents and entire islands must, 

like that of mountains, have been owing to the action of a force 
from below; but the magrSitude of the effect produced, and the 
difference of the phenomena, show that there must have been a 
considerable diversity in the mode of operation. Probably all 
large tracts of country or continents eniejgcd slowly from the 
ocean, at first forming islands, before the lower tracts were 
raised above the level of the sea. , * 

232. The power requisite to upheave a continent, or in other 
words, to cause the protrusion of a large portion of the solid surface 
of the earth, must he very different from the force which, acting 
in certain Hues, occasioned the elevation of mountain ranges. 
England affords instances of the apparent difference between the 
modes of action of those forces which raised ridges of hills, and 
those which elevated continents or extensive Islands. 

233. “The elevating force that broke and tilted up the chalk 
strata and the tertiary st/at^, along a line extending east and west 
through the Isle of Wight, into Dorsetshire, does not appear to 
have produced any considerable change on each side of the line. 
In passing from Alum bay, where the chalk strata are nearly 
verlicfal, to the south side of the island, it is truly ey.lraord inary 
to observe how little the lower beds beneath the chalk, and 
adjacent to it, appear to have been disturbed. The force which 
uptiltcd the strata is altogether distinct from that mighty upheaving 
force which raised the whole chalk hills in the south of England 
from the ocean, without disturbing' the relative position of the 
strata.”* 

234. Some extraordinary elevations of land are said to have 
taken place at very recent periods. Von Hoff states, that in 1771, 
several tracts of land were upraised in Java, and that a new bank 
made its appearance opposite the mouth of the river Batavia. It 
has also been asserted, that it appeared on the morning after the 
earthquake in Chili, in 1822, that the whole line of coast, from 

How are we to distinguish those mountains which have proceeded from 
Mwiden, fn>n#tho8erwhich resulted from gradual upheaving? 

In what manner did the more eitensive tracts of land probably rise from 
the ocean ? 

IVhfit examples of the different kinds of upheaving are (bund in England t 


* Bpke well's Introdf to Geol., pp. 500, 501. 
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north to south, to the distance of above 100 miles, had been raised 
above its former level.” The accuracy of the observations on 
which these statements are founded have, however, been questioned 
by Mr. reenough : but this celebrated geologist admits that it is 
a point deservi/ig of consideration, “ whether there may not be 
going on, in the calmest season and in ^le stillest countries, a 
c/trojtic attd alinoi<t imperceptible impultiiun of land upwards and 
he refers to the researches of the S\Vedish philosophers concerning 
the decrea^fing height of the waters of the Baltic, as alFordirrg some 
evidence that such an operation is in progress.* 

‘^35. The evidences of both elevation and depression, in former 
times, are abundantly demonstrative. #,The occurrence of beds of 
oysters and other sea-shells on the tops^pj mountains and on 
elevated plains, shows that the land must at some distant geriod 
have been submerged ; and the remains of forests seen boneam the 
surface of ihe sea, indicate the changes that have taken place of 
a contrary dcscriplioy. It is manifest, then, that some portions of 
the earth’s surface have been depressed, and what was once dry 
land ha^ become the bed of the sea; while other parts, formerly 
covered by its wattTS, and resorted to by marine Crustacea, have 
boon since upheaved into hills and inountuiu ridges, thickly strown 
with the exuviaes of their ancient inhabitanU. 

‘J3d. The earth seems to be subject to a kind of oscillation of 
surface ; one area of which may be reduced below the level of the 
ocean at one period, and another at another. All the rocks which 
have originated since this globe became the scene of organic life, 
atford evidences of their having been deposited under a liquid, 
except the volcanic and trap rocks, the igneous 5rigiii of which 
cvdiinot be doubted. That granite, gneiss, primitive quartz, and 
limestone, with the other non-fossiliferous rocks, were produced in 
the same mariner with those last mentioned, nia}' also be adipitted 
as at least probable. These rocks form, as it were, the skeleton 
or basis of the solid crust of the earth, and they appear to be the 
most widely and continuously distributed. In the rocks of this 
class are chiefly found tl^e metallic ores and more valuable 
minerals. The superior rocks or strata are more especially in- 
teresting on account of the bodies they contain, either curious or 
useful, derived from organic matter. 

^ What is the naliiro of the facts which prove the elevation and depres- 
sion of portions of the earth’s surface ? 

What classes of rocks on the earth’s surface appear to have originated 
from aqueous deposits ? 

What w'as the probable origpn of the non-fossiliferous rocks? 


♦ See the Athenteum Journal for Juno 14, 1534, No. 346^ for interesting 
extracts from the address delivered by Mr. Greenou^, as President, to the 
Geological Society, at their last mooting of the session, June 4. 

For the Reply of Mrs. Graham to Mr. Greenoiigh, respecting the above 
address, see the American Journal of Science, voT. iixviii., p. 236. — £d. 
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General Strueiure and Compoatlion of BoekSf and their Modes of 

Juxtaposition, 

r . . 

237. The different kinds of rocks may be distinguished^ as 
respects their mineralogical composition and their mechanical 
structure. Considered as mineral bodies, they are either simple 
or compound. Thus there are^ome that consist essentially ot a 
single mineral, asr quartz rock, which is composed of (quartz or 
siliceoui earth ; and primitive Ifmestone, and chalk, which both 
consist of carbonate or lime. 

238. The minerals that enter*into the composition of rocks are 
by no means numerous ; and: of these the most important are in- 
cluded in the followingSsatalogue :* 

r 

1. Argillaceous earth, (indurated clay,) [258 — No.76.]f 

2. Siliceous earth, (quartz,) [259 — No. bO.] 

3. Steatite.X [201— No. 87.] 

4. Feldspar, [262— No. 92.] 

5. Albite, or cleavelandite, [263— No. 92.] 

6. Mica, [263— No. 93.] 

7. Chert, or hornstone, [259 — No. 82.] 

8. Fiicliatane^ [262 — No. 90.] 

9. Talc, [263— No. 93.] 

10. Chlarite, [263— No. 93.] 

11. Hornblende, [263 — No. 94.] 

12. Serpentine, [264 — No. 95.] 

13. ActiTwlite, [26*1 — No. 94.] 

14. Augite, [264 — No. 97.] 

15. Diallagt, [264— No. 97.] 

16. Hypemthene, [264 — No. 97.] 

17. Garnet, [264— No. 99.] 

18. Schifrl, [266— No. 103.] 

19. Carbonate of lime — chalk, [271 — No. 123.] 

20. Carbonate of magnesia, [274 — No. 131.] 

21. Gypsum, [278— No. 147.] - 

22. Oxide of iron. 

23. Bitumen^ 

24. Coal. 

What mineralogical differences do rocks present f 

Enumerate the most important minerals found in rocks f 

* See Dr. Macculloch’s Geological Classiflcation of Rocks, 1821, p. 166; 
and Phillip's Outlines of Mineralogy and Geolo^, p. 83. 

t The numbers annexed to the names of the different minerals indicate 
the pages and sections of ths^ preceding treatise on Mineralogy, in which 
they are respecftvely ^escriiied. 

t Those minerals, the names of which are printed in italics, are com- 
paratively of unusual occurrence, or are found in relatively small propor- 
tions in those rocks of which they are ingredients. 
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239. Besides %ome of the minerals in the preceding list, Mr. 
Phillips mentions the following, as being sometimes interspersed 
in rocks, or occasionally forming masses in them : iron pyrites, sul- 
phurot of inolybdena, oxidulated iron, oxide of tin, flint, calcedony, 
jasper, ol^sidian, calcareous spar, dolomite, and arsenicaHron. The 
same writer has given a list of minerals most frequently occurring 
in veins. Thestkare carbonate of barytes, phosphate of lime, sul- 
phate of barytes, selinitc, and fliior spar; besides several ores of 
iron, manganese, copper, lead, and^zinc, information concerning 
which may be founa in the treatise on Metallurgy and Miring in 
this volume. • 

210. It will appear from the preceding statements, that the 
mineral substances which contribiitd most largely to the composi- 
tion of rocks amount to a^out a dozen ;*and these must obviously 
deserve the principal attention of the geol(%ist. Those that are 
more rare should not, however, be neglected, as their presfnee 
sometimes serves to identify particular kinds of rocks, ana furnish 
their discriminating characters. 

2tl. The interest a^d importance of the various rocks to the 
geologist depends greatly on their relative situation, as contributing 
to form tfie crust of the earth. Of all the lower, or as they are 
termed, primitive rocks, the most important is granite, which is 
considered as a compact or nori-stratihed rock, and is thus dis- 
tinguished from gneiss, the mineral eompositibn of which is similar, 
hut whicJi is composed of distinct strata, and has been therefore 
sometimes styled stratified granite or granitic slate. ‘‘ Granite,” 
according to Mr. de la Beche, ‘‘is a confusedly crystalline com- 
pound of quartz, feldspar, mica, and hornblende.” But there are 
various kinds of granite, some rocks thfls denominated containing 
only feldspar and mica, others feldspar and quartz, feldspar and 
hornblende, or quartz and hornblende. But though all such might 
be termed grjnitic rocks, the appellation of granite should rather 
be restricted to compounds of feldspar, quartz, and mica, ^his 
rock, forming a most excellent architectural material, has been 
abundantly used in the buildings and pavements of cities, so that 
its general appearance needs not to be described. 

212. In some specimens of granite the three characteristic mi- 
nerals are in very small crystals, intimately and generally blended 
into a grey mass ; in others, on the contrary, the crystals, particu- 
larly those of the feldspar, are extremely large, and in greater pro- 
portion than common. Red granite, which is found in Scotland, 
contains much feldspar, which is of a red or flesh colour, instead 
of being white, as usual. Graphic granite consists of quartz and 
feldspar only, the crystals of the latter being so distributed 

To what circumstance, in regard to a rock, does the geologist attach tho 
highest importance? What is ihe diffl'reiice betwrpen granite and gtieiaai? 

What minerals enter into the coin|Kxsition of granite 7^ ^ • 

What varieties of this rock are known tf> exist? 

To what purposes is granite (>eculjar]y adapted ? 

What is the composition of graphic granite ? 
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amidst those of the quartz, as to give the surface of the rock, 
when broken, the appearance of being covered with antique 
characters. 

243. Diallage rock consists either of the mineral from which 
it takes ifs name alone, or of diallage and feldspar, forming a gra- 
nular crystalline compound. The former variety is rare, but the 
latter abounds in somp of the Shetlarg) islands. There are other 
varieties, which contain actinolite, talc, chlorite, quartz, or mica. 

Greenstone is a granular rock, chiefly composed of hornblende 
and feldspar, but sometimes ^including quartz, and occasionally 
cal carbons spar. *• 

244. Serpentine consists essentially of the mineral of that 
name, but sometimes contains hornblende, and also veins of stea- 
tite, talc, or asbestus. It* is commonly of a dark green colour, 
intermixed with redyiFivith waving lines, and convolutions on its 
8UTf::ce. 

245. Syenite is a compound of feldspar, hornblende, and quartz, 
confusedly aggregated, the former genera^y predominating. It 
derives its name from Syene in Upper Egypt, where, however, 
it is said, the rock is of a different nature. It is usually very 
hard, and of a dull red colour, but it is sometimes grey, or dark 
green, 

246. Among the other unstratified rocks may be mentioned 
schorl rock, composed of schorl and quartz, and hypersthene 
rock, containing feldspar or albite, and sometimes quartz. 

246. Porphyritic rocks vary in composition, but they are 
usually of a reddish or purple colour, and contain crystals im- 
bedded in a mineral mass, as if they had been enclosed when 
it was in a semifluid state. “ Porphyries are generally known 
by the name df the base or paste which includes the disseminated 
crystals: thus we have claystone porphyry, feidspathic por- 
phyry* Sind clinkstone porphyry.”* 

247. The stratified rocks are commonly supposed to have been 
formed from the detritus of the unstratified rocks, taken up and 
afterwards deposited by water; unless where they consist of 
single minerals, as limestone and quartz, which must have been 
produced by chemical precipitation. The following are the 
inferior stratified or non-fossiiiferous rocks described by Mr. De 
la Beche :f Argillaceous or clay slate, chlorite slate, talcose slate, 
quartz rock, hornblende rock and slate, primitive limestone, com- 
pact feldspar, or eurite, mica slate, gneiss, and protogine. The 
nature ana general composition of most of these rocks is indi- 

How iS diallage rock characterized? — greenstone? — serpentine? — sye- 
nite? 

What is the composition of schorl rock ? 

^ what circumstance are the different* kinds of porphyry distinguished 1 

How do gdologists account for the origin of stratifi^ rocks f 

Enumeratlt> the i^on-fbssiliferous rocks f 


* De la Beche*8 Geol. Man., p. 447. 


t See Geol. Man., sect Xr 
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cated by their appellations ; ffneiss, m before stated, is a strati* 
f:ed or schistose granite, and protogine differs from it only in 
containing talc or steatite, instead of mica. 

248. The superior rocks may here be dismissed with a cursory 
notice, (rrauwacke, or graywacke,* has been descriffbd as an 
^ggrpg^te cemented by ferruginous clay, and composed of the 
debris^ of the primitive rock3.*’+ The illclosed fragments are 
sometimes small and granular ana sometimes as large as a nut. 

249. Transition limestone is so named to discriminate it from 
th& other calcareous rocks, and particularly from the inf«‘ior or 
primitive limestone. The term transition is derived from the 
school of Werner, who regarded all rocks as having been pro* 
duced by dep^ition from a liquid, and considering those which 
contain no organic remaias, (as granite Sr gneiss,) to be the oldest, 
he gave the amellation of transition rocks to the immediately 
superincumbeiil masses, in which occur remains of zoophytes^und 
other petrifactions of ^le relics of the lower orders of organized 
beings, but none of vertebrated animals, or of any of the higher 
orders. Hence, also, hq concluded that the rocks thus constituted 
were foriped while the earth was in a state of transition from a 
comparatively uninhabitable to an inhabitable condition. Among 
the calcareous rocks, also, are carboniferous limestone, magnesian 
limestone, and muschelkalk, or shell limestc^ne. 

250. Red sandstone exhibits great diversity of texture, some* 
times forming a reddish or variegated marl or clay, and sometimes 
compact stony masses ; in either case exhibiting streaks of light 
blue, verdigris, or cream colour. 

51. Shale includes all the argillaceous schists of the secondary 
class, sometimes improperly called slate clay. These rocks seldom 
form extensive beds, but are found in thin strata, often of mere 
laminae, alternating with the other rocks with which they are as- 
sociated. Shale occurs together with coal, with which it Jike- 
wise alternates, and it frequently contains organic remains.^ 

232. Lias is a term derived from the English miners, to denote 
an argillo-calcareous deposit, occurring in England and other parts 
of Western Europe, above the red sandstone, and below the chalk, 
forming, according to the arrangement of Mr. De la Beche, a por- 
tion of the oolitic group, so called from the oolite, or roestone,^ 

What is the nature of grauwacke f 

Whence does transition liTnostone derive its name 7 

What classes of fossils are fou«id in that rock ? 

* In what variety is rod sandstone found 7 
What is meant by shale f 
What is the situation of lias f 

* The rock was thus named by^a German miner, who was accustomed to 
term every rock he was unacquainted with wack6, and he di^dt^CpiiBb^ 
this by the epithet gran, gray, from its colour. • 
t Mawe’s Familiar Lessons on Mineralogy and Geology. ^2th edition. 
1890. p. m 

t See Dr. Macculloch on the Classification of Rocks, pp. 455^—463. 

4 See Treatise on Mineralogy^ Na 127. 
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vrhich constitutes the upper part of the group, while the lias forms, 
its base. 

253. The trap, or overlying roclcs, are unstratified, and are sup- 
posed to be the products of ancient volcanos. They occur in 
masses, generally irregular, and in outline presenting the ap- 
pearance of steps, whence the appellation of trap^ which is of 
Swedish origin. Dh Macculloch calls them ^erlying rocks, 
doubtless because tliey are in most instances found resting on al- 
most every other kind of roclf;, from chalk to granite. They are 
abundant, and sometimes form considerable mountains, though 
upon the whole tliey are of more limited extent than the stratified 
rocks. 

254. Basalt is a designation applied to various dark-coloured 
rocks, of a close fine-grained texture. .It resembles greenstone, 
and some writers describe it as composed almost wholly of horn- 
blerfOe, others of augiie, feldspar, and titaniferous iron. Olivine is 
sometimes contHiiied in it, and also quartz^ calcedony, calcareous 
earth, and other substances. Basalt exhibits a columnar structure, 
and becomes porous on the extprior surface^ from partial decom- 
position. 

255. Wacke resembles indurated clay, often highly ferruginous, 
and is either coinjvact or cellular. It appears to be basalt, in 
a state of decomposition. Graystone, porphyry slate, and clink- 
stone have been considered as varieties of either basalt or green- 
stone. 

IVachyte is generally composed of feldspar, and sometimes con- 
tains albite. It is chiefly porphyritic, from included crystals of 
hornblende, mica, augite. sphene, and sometimes other .mine- 
rals. 

256. Amygdaloid is a trap rock, the basis of which is indurated 
clay, or compact feldspar. Various minerals, as agate, quartz, 
niesotype, analciine, stilbite, prehnite, carbonate ofvlime, green 
eartlt, lithomarge, and iron pyrites, are occasionally imbedded in 
this rock, rendering it porphyritic ; and their disintegration or de- 
composition, produces a vesicular structure, giving it the appear- 
ance of cellular lava. 

Pitclistone, which is considered^ by some as a semivitrified 
basalt, has been found to contain a considerable proportion of 
bitumen. 

257. Cornean is a term which has been used to denote a kind 
of rock, the composition of which appears to bo undetermined. 
It sometimes approaches to the characters of basalt, being very 
hard, and in other cases more closely resembles wacke. Brong- 
niart conceived it to be the basis of the Derbyshire toadstone. 

TraptufT is composed of the debris of the other rocks of this 

What is thU appearance; of trap roqks I 

Why are iC.ey to,>tned overlying f 

What is the appearance, composition, and structure of basalt? 

Of what is trachyte composea amygdaloid ? 

To what is the term comenn applied 7 
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class, united hy iRii argillaceous cement, and forming a coarse 
^breccia. 

25B. The principal compounds which are the products of modern 
volcanos are porphyritic and basaltic lavas, oosidian or volcanic 
glass, pumice or porous lava, volcanic conglomerate, ai|^ volcanic 
tufa. The minerals contain^ in these more recent igneous rocks 
have been already noticed. ^ 

959. The mebhanical structure of rocks admits of distinctions 
with regard to their internal texture, or their external appearance. 
It will be sufficient to enumerate the designations of interior 
structure by which different rocks are characterized. These are 
the stony, compact, earthy, granular, fibrous, lamellar, foliated, 
schistose, cellular, prismatic, ansygdaloidal, porphyritic, and 
conglomerated varieties of conformatioy. 

260. With reference tft their exterior struyture and appearance, 
rocks might be distinguished into those which are symmetrical, 
and those which are amorphous. Both these terms, however, must 
be employed with a considerable degree of latitude. Among the 
symmetrical rocks n^ay be reckoned those which are stratified, 
tabular, or columnar ; Rnd all the other descriptions of rocks may 
be regarded as amorphous, or rather polymorphous, their external 
forms depending on incidental circumstances. 

261. Stratified rocks are those in which masses of similar com- 
position, as clay slate or sandstone, extend through a hill or moun- 
tain in nearly parallel layers or strata. They display in difierent 
situations great varieties of arrangement and juxtaposition. Some- 
times the strata which form a rocky eminence are placed in fiat 

horizontal masses, one 
«bove another. The mar- 
ginal figure^ may be sup- 
posed to represent a hill, 
the base of which is com- 
posed of granite, ESg; on 
which rests a stratum of 
gneiss or mica-slate, D; 
supporting one of sand- 
stone, C ; having above it another of chalk with imbedded nodules 
of flint, B ; crowned by clay, gravel, or any alluvial mater, A. 

262. Sometimes the strata composing rocks are inclined at angles 
more or less acute, varying from the horizontal to the vertical 
position. In some situations the strata take a waving course, 

• rising with the undulating Surface of the hills on one side, and 
declining on tJhe other, in the manner represented in the annexed 
diagram. * 



What are the products of modem volcanos ? 

What terms apply to the internal mechanical structure of mcksf 
What two names denote their differences of extemal 


To what does the term etratified rocke . , . 

Enumerate the strata frequently fi>und in succession, 
the surface soiL 

2K 


struqpire ? 


with 
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2G3. Contortions or sinuosities of strata, of a much more abrupt 
character, are also common in mountain ranges, indicating the 
peculiar operation of extraordinary force in their formation. “ Con- 
tortion requires that the roc^s in which it is observable should 
liave been in a yielding state, and that the particles were capable 
of a certain movement among themselves, so that when force was 
applied no absolute fiacture was occasioned. Sir James Hall has 
long* since shown, that to produce contortion by lateral pressure, 
there must be resistance noth above and^ beneath, the former at 
least being capable of yielding in a minor degree. He illustrated 
this fact by experiment, and showed that these conditions are 
necessary to the production of contortions bv lateral forces.'** 
The experiment, which may be easily repeated, merely consisted 
in placing layers of various sorts of cloth upon a flat table, covering 
them wim a loaded board, and applying lateral pressure, so as to 
raise the superincumbent weight to a certain extent, when the 
cloth became folded and contorted in a manner exactly analogous 
to the contortions of natural rocks.| 

204. Contorted strata are especially observable bn the flanks^ or 
skirts of mountain chains. .The following figure exhibits a section 
of part of a mountain, in which a stratum of limestone, included 
between thinner strata of shales or slates, has, together with them, 
been acted on while in a yielding state, bv fotces which have 
oauspd deep and abrupt undulations of surface. The limestone 



stratum, a, a, a, a, is seen including in its sinuosities, the superior 
beds of shale, &c., marked 6, and also inferior beds of the 
same nature. 

In whnt regions of country are contortions of strata most remarkably 
e'xhibited ? In what state must the rocks have been at the time' the con- 
tortions were produced 1 

In what manner may the efiect of contortion in strata be imitated f 

1r what parts of mountain ranges are these phenomena particularly ob- 
servable to 

* De la mehe's Geological Researches, p. 127. 

t Transactions of the Royal Society of Edinburgh, vol. vii. p. 85^ 
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265. In the A1))S, between mount Highi and the Hospice of St. 
Oothardy 5 seties of mixed strata of liiiiostoney clay slates, shales, 
and sandstones, display such windings and convolutions, as might 
have been produced in the manner already described, by the com* 
*bined operation of vertical and lateral forces.* Exanijdea of the 
waving or zigzag direction of strata occur occasionally in coal 
mines: and at ^nzin, near Valenciennes, remarkable instance 
has been observed of this derangement of the coal strata, which 
are bent up and down, and covered by horizontal strata of chalk, 
marl, and clay, subsequently deposited 

266. The strata, instead of risiifg towards the summit of ‘a hill, 
may be depressed in the centre, as if they had been deposited in 
a basin, or trough-shaped hollow. • 



The preceding figure represents a series of strata thus arranged, 
each stratum having the shape of a shallow inverted cone ordonm, 
the edges of which may be traced all round the mountain. In the 
hill of St. Giles, near Liege, this conformation of the strata may 
be noticed : sixty-one beds of coal, alfernating with rocky strata, 
form a mountain 3200 feet in height. In South Wales and other 
parts of Great Britain, the coal strata are arranged in a similar 
manner. « 

267. When rocks belonging to different formations ^cenr 
together, one resting on the other, that which is placed underneath 
is termed the fundamental rock^ and that above it the atiperin^ 
cumbent. The line where two rocks or formations come in con- 
tact is named either the line of junction^ being veiwed with 
reference to the position of the r^ks, or the line of eeparation^ as 
marking the distinction of theif^pecies. W'hen the strata of a 
superimposed formation are parallel with those on which they rest, 
the stratification is said to be conformable f as in the figure, p. 385, 
’ where the strata are all horizontal. Inclined strata may also be 

What example of contorted strata is found in Switzerland f • 

In what manner are the coal strata at Liege found to be arranged ? 

What is meant hy the terms fundamental and superincumbent, when 
applied to rocks ? What is the Hne of junction in stratifications ? 

* De la Beche’s Geological Researches, p. 12ft • 

t For an account of the contorted rocks along the valleyof the Juniata. 
Dy Mr. R. C. Taylor, see Transactions of the Geol. Soc. of PInn., vol. L pp. 
11 and 182.— Kn. 
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eonformable, the same degpree of inclination extending through all 
.of them. 

26S. If, on the contrary, the saperimposed strata are horizontal, 
while the subjacent strata are more or less inclined, they are 
relatively termed uneonformahU strata. 



This mode of supe^osition is shown in the above diagram, re* 
presediting a section of a part of a mountain composed of primitive, 
secondary, tertiary, and alluvial stratificat^pns. The horizontal 
strata, A, B, C, D, of sand, clay, shell limestone, and sandstone, 
conformable among themselves, are seen reposing uncomformably 
on the highly-inclined strata of slate and gneiss, J5, F, w^ich rest 
conformably on granite. The strata around Paris, consisting of 
alternate fresh-water and marine formations, are thus superimposed 
uncomformably upon chalk, which forms a great basin, containing 
these various deposit^, which also cover its edges in the less 
elevated parts, while in some places the chalk appears rising 
through the upper strata. 

269. When a series of strata are nearly horizontal, and extend 

through a considerable tract of country, intersected by deep valleys, 
the same strata^, will make ttieir appearance at nearly the same level, 
ill distant mountains. In the vicinity of Pittsburgh, in Pennsyl- 
vania, particularly along the banks of the Monongahela river, a 
thick stratum of coal may be traced through many hills at the 
same Vilevation above the intermediate valleys. The coal may be 
worked by driving levels from the sides of the hills, forming 
open galleries, and thus obtained with little difficulty. Owing 
to the horizontal position of the coal, it forms the bed of a river, 
for several miles.* •• 

270. When curved strata of ecural thickness at the top and sides 
lie unconformably on other strat*the former are said to be saddle^ 
shaped f and when such overlying strata gradually become thin- 
ner from the base to the summit, thu^ wrapping round the sides 
of the subjacent or fundamental rock, they are termed mantle-- 
shaped sfmta. Strata filling up a spheroidu cavity, are denomi- 
nated hasvivshaped : and if the cavity be oblong, the superimposed 
strata are styled trough-shaped. 


To what clahs of strata ir the term iinconformable applied by geologists ? 
How are ihfte strata illustrated in the Paris basin? What are saddle* 
shaped strata t*f'*manUe-shaped f-^^liasin-dMped f — traughshaped t 


* See Am*. Journal of Science, vol. xxiz.» pp. 58—68. 
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271. The upper ^art of a stratum or bed» which, risingrfrom 

under others makes its appearance at the^surface, and where it 
consequently terminates, is designated by* miners the nutcrop^ or 
boMet-edge of the stratum. Strata are said to form outlyers or out» 
lying when they compose detached heights, orile evidently 

continuous with extensive tracts of a similar geological struc- 
ture. Isolated* hills of this kind are foUnd on the outskirts of 
mountain ranges or elevated plains, separated from them by 
valleys of excavation, as in the Bittsbnrgh coal.strata above men- 
tioned. * ^ o 

272. Sometimes the continuity of a whole series of strata is 
interrupted, the beds having been^pparently broken through, and 
shifted or heaved on one side from their ordinal position, consti- 
tuting what is termed ^ faulty or ^ These dislocations of 
strata are phenomena of an analogous nature to the heav^pg of 
mineral veins, but they take place on a more extensive scale.* 

273. A dyke is a waJl of rock interrupting the continuity of strata, 
and filling up the fissures sometimes caused by faults or breaks. 
The ends of the strsAa on either side of the fissure aire occasionally 
tilted o\ bent upwards, as if the dyke had been formed by the 
protrusion of matter from* below. Dykes vary in thickness, from 
a few inches to many yards ; and those which intersect coal-beds 
are composed of indurated clay, or more frequently of basalt. 

274. The dip^ or inclination of strata, that is, the point of the 
compass towards which they descend, is a circumstance deserving 
attention, (t has been observed, that the dip is always at right 
angles to the range or direction of the strata ; and that if the dip 
is given, the direction may be infersed, but a knowledge of the 
direction will not give us the dip. The amount df the dip of any 
strata is to be estimated by the angle which they form with the 
horizon ; and this may be determined by means of the instrument 
called a clinometer, which is a compass with an attached qu^^rant. 

275. An aniielinal axis is that line from which the strata com- 
posing a hill dip in opposite directions. The ridge of a house- 
top will convey an idea of this line, and the slope of the roof repre- 
sent the dip of the strata.’^f Some rocks, especially those of the 
trap kind, as porphyries and syenites, are said to be tabular. Dr. 
Macculloch terms the tables which these rocks may be 
divided pseudo-strata.:^ The ti^lar structure consists of parallel 

S lates of rock, separated by regular seams. ^ This structure has 
een often confounded with stratification: it appears to be the 

V^hat is meant by the cropping out of strata ? 

What are outlyers ? What is a lault or slide ? 

What IS a dyke, in geology ? 

What is meant by the dip of mk strata How is it ascertained 7 
What is the anticlinal axis of *a series of strata 7 . 

* For an account of the structure, arrangement andcomflbsition of me- 
tallic veins, see Treatise on Metallurgy and bGningt pp. 18&— 192. 
t De la Beche*s Geol. Man. Appendix. ^ 

t €r6ol. Classification of Rocks, p. 90. 
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ipesttlt of CTystallization, and is closely allied to the eolamnar 
ptruotare.*** 

376. The only remAninff description of rocks that can be con- 
sidered as symmetrical, with regara to their external structure, are 
those which have been styled columnar. The most distinctly 
marked among the columnar rocks is basalt. The columns they 
exhibit are formed by %e aggremtion of prism? generally of a 
pentagonal figure, but they are liAleto desquamation and super- 
ficial decomposition, when their .angles become rounded, and their 
forms variously modified. Vast^ranges of basaltic pillars occur 
in countries which have been the scenes of volcanic action, as 
the singular masses called the Giant*a Causeway, on the northern 
coast of Ireland ; and Fingars Gave, in the Isle of Staffs, one of 
the Scottish Hebrides,.. Tfie general appearance of extensive 
ranges of columnar rocks may be illustrated by the following 
diagram: 



277. Beds df stratified rocks, a, a, a, are cut through by a ba- 
saltic dyke of horizontal prisms, intersecting also ranges of verti- 
cal columns, and three lai^re transverse dykes of amorphous basalt, 
£, 6, above the highest of which are detached massesi d and e, of 
columnar basalt. This figure likewise exhibits the interior struc- 
ture of prismatic rocks, and the manner in which the columns are 
divided by joints. The columns may not only be vertical or' hori- 
zontal, as in the foregoing figure, but also inclined at any given 
angle, and sometimes the prisms are tnore or less curved, forming 
by their combinations rocks destitute of symmetrical arrangement. 

278. Rocks which are neither stratified, tabular, nor columnar, 
can scarcely be said to have any appropriate form : and^ we have, 
therefore styled them amorphous. They may vary in dimensions 
as much as in figure, and be of any size, even of mountainous 
bulk. Thus gramte, greenstone, and some of the trap rocks con- 


What clanes of rocks have no true stratification t 
\yiint are cnlumnar rocks f 

What remifkable ezanAples of columnar rocks are found in the British 
Islands? ^ 

Explain thy general appearance of stratified rocks f 


* Pakewell’s Intiod. to Geology, p. 87. 
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fititate vast piftars, blocks, and boulders, of every fantastic shape* 
Irregular masses imbedded in other rocks, are styled nodules* 
They are sometimes rounded, and not unfrequently flattened ; 
“ and in such cases, they pass into the form of non-persistent and 
extenuated strata. Nodules are often imbedded in stratified rocks ; 
but they are also found in granite, as is the case with serpentine. 
The size of these masses varies from a foat to a mile or more.”* It 
Is difficult to determine how far stratification extends among the 
primary rocks; and even granite sometimes exhibits traces of 
what Dr. Macculloch calls pseudo strata.f 

Classtjication and Arrangement of Eoeksm. 

279. A cursory view of the masses^forming the crust of the earth 
exhibits so much concision and indefini|^ variety of composition 

must appear to render nugatory all attempts at classification ; and 
’'^ence it was at one time supposed, that the several formatioAs were 
destitute of all regularity in distribution and in individual charac- 
ters. The first rude distinction that seems to have been made was 
that of the GermaifTOiners, who arran^d strata of rocks in two 
classes, namely, those containing metallic veins, and those which 
were non-metalliferous. Lehman, already mentioned, (No. 6,^ 
made the much more important divisions of formations into primlf 
five and secondary^ or those destitute of organic remains, and those 
includingsuch fossils. 

280. The celebrated Werner modified and improved this divi- * 
sion ; adding two othei classes, the transition and the /boot/, or as 
they were afierwards called, tertiary rocks. Subsequent additions 
have been proposed of a//uuta/or superficial deposits ; and of pyro^ 
genoua strata, including the trap and volcanic rocks. These divisions 
have been generally adopted oy recent writers on systematic geo- 
logy ; though several have thought fit to subdivide the secondary 
and terti^y rocks into distinct groups or formations. 

281. In assuming successions of strata to a greater orMess ex- 
tent superimposed around the terestrial globe, we must be careful 
to distinguish what has been inferred from limited observation, 
confirmed, however, in a certain measure by uncontradicted expe- 
rience, from the deduction^ derived from appearances of an unequi- 
vocal description. That granite, orvather granitic rocks, constitute, 
as elsewhere stated, the liasis or skeleton of the solid crust of the 
earth, is a conclusion formed from general observation that these 
rocks where they most extensively occur seem to rise from under 
others which are known to occupy relatively low situations, or they 

What n the nature of amorphous rocks? * 

What is meant, in geological language, by the term nodtdee f 

Who first divided rocks m|o prima^ and secondary? 

What distinctions were added by Werner ? ^ ^ 

* Dr. Macculloch's Geol. Class, of Rocks, p. * 

t See p. 928. On the subject of stratification in genera^ see Greenough^s 
Critical Examination of the First Principles of Geology, 1819, Emay I. , 
and Dr. Boase’s Treatise on Primary Geology. * 
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fonn nearly vertical masses so incladed between oihbr rocks as to 
indicate that the gpranite passes beneath those rocks. Since, how- 
ever, the extent of surface of granitic rocks naturally or artifically 
exposed, is but inconsiderable compared with that of the earth’s 
mrface, the cotion that granite composes the inner shell or^ lining 
of the earth’s crust, is at best but a probable conjecture. 

283. Granite, th^n, caisonly be supposed to be a^. universal for- 
mation ; and the extent of many of those above it must at present 
be utterly uncertain. But with respect to some of the simerior 
strata, we know with certainty that they are not universal format 
tions, and that some cover only liiSiited areas. Coal appears to 
consist of circumscribed beds, formed in basins or concavities of 
older strata ; the clays of the London basin, and the various do- 
TOsits of the Paris basin, «lso compose^ circumscribed beds. 
Chalk, if it deserves the^eharacter of a general formation, (as it is 
certainly a very extensive one,) is not now universal, having been 
removed apparentlv from some parts of the surface of this coun- 
try, as the weald of Sussex, England, by the vic&ent action of water. 

283. It is only by the nradual accumulation of facts that the 

boundaries of real knowledge can be extended. From their situa- 
tion the more superficial rocks may be supposed to have bebn the 
most thoroughly investigated, and since it has been ascertained 
that they include organic remains extremely singular and curious, 
they have attracted particular attention: as the progress of re- 
search proceeds, however, it may be expected that the primordial 
or infeitor rocks will also be more closely examined, and that thus 
various disputed points with regard to them will be satisfactorily 
decided. ' 

284. The manner in which ^he several formations and rocks are 

arranged so as to form mountain masses may be illustrated by 
the following representation of a section of the llrocken mountain, 
in the Hartz forest in Germany. ^ 



Whence has iPbee^inferred that granite ia the lowest of rocky strata? 
What eviden^ have we that this rock is universally extended beneath 
the other strata 

What example of Uipited ibrmations may be mentioned ? 
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The perpendicufhr mass in the centre, a, is granite, which may be 
supposed to extend laterally beneath the other rocks ; ft, ft, is clay 
slate, immediately enveloping the granite ; c, c, is transition lime- 
stone; i/, graywacke slate ; old red sandstone; /, jT, moun- 
tain limestone, g,g, gypsum ; A, A, variegated sandstone t, second 
or newer gypsum ; y, j\ second limestone ; Ar, Ap, alluvial deposits. 
It may be propef to observe, that tins section exhibits only the ar- 
rangement and successive declination of the rocks that form the 
Brocken, and not their respective forms and dimensions ; and that 
in other mountains some of these sfrata may be replaced by others, 
or be entirely wanting. * 


Synoptical Arrangement of Groiips^ Formations^ and Rocks.* 
285. I. Primffrdial or Nim-Jossillifigoua Rocha. 


A. Unstratified rocks. 

Granite, syenitfs. 
Greenstone. 
Serpentine. •« 
l^horl rock, &c. 

B. Stratified rocks. 

Gneiss. 

Mica slate. 

Clay slate. 

Quartz rock. 
Hornblende slate, &c. 


Grampian hills, in Scotland; 
Oornwail ; Dofrine hills, Nor- 
way; Ural mountains, Russia; 
Erzegebirge, in Saxopy; Ries- 
^cngebirpre, in Silesia ; Pyrenean 
mountains ; eastern Alps, from 
St. Gothard to the plains of 
Hungary > Alleghany mountains. 
United States ; Andes, South 
America. 


286. 11. Submedifl Rocks. 

(Graywacke Chroup of Lyell and Dc la Becks. TrcSisition Rocks of 
other Geologists.^ 

Sandstone conglomerate, slate, dec. 

Calcareous dags, sandstone, and schist. 

Shell limestone, and micaceous sandstone, &c. 

Coralline limestone, and argillaceous shale. 

Argillaceous limestone, and sandy shale. 

Describe the several parts oi^ which the Brocken is composed ? 

What individual strata compose the first division of primordial rocks t 
What name is given to this division ? 

What constitute the second division of the same class of rocks T 
In what parts of the ^[lobe are these rocks conspicuously shown? 

What are the five divisions dT the submedial or grauwacke group? 


* This synoptical table is chiefly founded on " Table II. Showing the 
Order of Superposition, or Chronological Succession of the principal Sedi- 
mentary Deposits or Groups of Strata in Europe.” — ^Appendix to Lyell’s 
Prm. m Qeol.^ vol. iv., with Additions and Modifications, derived fhm De 
la Bechets Geolofncal Manual ; Brongniart Tableau des Terrains coau 
jposent VEcorce au Globe ; D’Aubuisson Trailt de Oeogngne, 2nae edit., 
continue par Amddde Burst., tom. i. 1834 ; Maiftelrs^Oeol^y ike 
South-East M England, chap. ii. ; and Outlines of the Geolwy qf England 
and Wales, by Conybeare and Phillips, part i. Introductioil. 
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^*The grauwacke group occurs in NonOavr Swedent and 
Russia. It forms a portion of southern Scotland, whence it 
ranges with breaks, as far as regards the surface, formed by 
newer deposits of the sea, down western England and Wales, 
into Normandy and Brittany. It appears abundantly in Ireland. 
> large mass of it is exposed in the district constituting the 
Ardennes, the Eifel, and the Taunus. Another mass forms a 
large portion of the Hartz mountains, while smaller patches 
emerge in oth^ parts of Germany, on the noAth of M^deburg 
arid other places." — De la Becho’s Oed. Man., p. 430. The 
terms graywacke or trar^Hon are applied as epithets to distih- 
guish the sandstones, slates, and limestones of this group from 
those which occur in othe.* groups. In America the grauwacke 
is distributed over a vast extent of country, from Alabama to 
the Arctic ocean, and ^ characterized by fossils which must 
have lived in a climate of far higher teroperatore than exists at 
present in any regidas without the t>opic8.* 

287. III. Medial jRociff.f 

Carboniferous group. 

a. Old red sandstone* 
h* Mountain limestone. 

c. Coal measures, including sandstones, conglomerates, 
clay with ironstone, shales, and limestones. 


288. IV. Supermcdial Rocks^if, 


fl.) Penean, or red sandstone. 
(2o) Keuprlc, or poecilian. 
(3.1 Liasic. 

(4.) Oolitic, or freestone, 
rs.) Wealden. 

(6.) Cretaceous. 



289. Panean group. 

а. New red sandstone \^Rothliegende8, Germ.] [Gr^s 

Rouge j Fr.] 

б. Magnesian limestone [^Zeehatein^ Germ.] 

In what countries ore the members of this group found t 
How extensively is it distributed on the American continent? 

What three individuals belong to the carboniferous group t 
What grmips constitute the class of supermedial rociu ? 

How many and what individuals belong to the penean group 7 


See Mr. T. A. Conrad's Paper on the Fossil Shells of the Grauwacke 
Gro^ in Trans. Geol. Soc. of Penn., vol. i. p. 267. — £o. 
t See the IbiJ^wing note/ 

t The rocks ^longing to this and the preceding order, (the medial and 
supermedial rof ks, or those from the old ted sandstone to the ch^, inclii- 
eive,) constitute the secondary formations of the Wemeiians. 
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290. Keupric gtoup. 

a. Variegated sandstone* [Bunter SXantbieinf Germ.; 
Gres Btgarr^f Fr.] 

Shell limestones* rAuseJkel^Jt^ Germ.] 

^ e. Red or variegatecf marls* [ITeuperf Geru^] MdirfM 
Irisies^ Fr. ] 

291. Liasic gi^up. 

a. Alum slate* \Jlmpdiie alumineux^ Fr.] 
h. Dark blue marl* witfi beds of^ubbly limestoni 
sandy marlstone. 

c. Blue* white, and yellow earthy limestone* interstratified 

with clay, often slaiy and bituminous, [^Quadersand- 
stein^ Ge|m.] 

292. Oolitic group. 

a. Inferior oolite. 

b. Great oolite, Bath stone, Caen stone. 

e. Bradford play, {^Mame argiUeuse Juraasique^ Fr.] 

d. Forest marble. 
r. Comb rash. 

Bradford clay and rombniBh ought, perhaps, to be 
regarded as local ibrmations, and to be incluoed under 
that of forest marble or lithctgraphic slate ; with which, 
where they occur, they are associated. Burst, indeed 
reckons Bradford clay, forest marble, and combrosh, os 
distinct but consecutive members of the oolitic formation; 
and Lyeli distinguishes the combrash from the forest 
marble. 

/.Oxford clay— dark blue,*tenacebus cjpy ; bituminous 
shale, sandy limestone, (Kelloway rock.) 

g. Coral rag, ^Calcaire CorraUique^ Fr.] — calcareous* 

• shelly, oolitic freestone ;*coar8e limestone, full of 

corals ; yellow sand ; siliceo-calcareouh grits. ■ 

h. Kimmeridge clay, [^Mame argilleuse Havr&nne^ Fr.l^ 
«• Portland stone— coarse, shelly limestone, fine-grainea 

white limestone, compact limestone— all oolitic 
beds of cherh 

293. Wealden group. 

а. Purbec stone — ^yarious kinds of limestones* alter- 

nating with 2harls. 

б. Ashburnham stone— bluish-gray limestone* alternat- 

ing with blue clay, and sandstone shale^ 

e. Hastings sands and clays— fawn-coloured and white 
sand, and friable sandstone* with clays and calcareous 

grits. ^ ^ .j 

How many and what individuals belong to fha keupri^j— the liasic I 
Into how many and what subdivisions u the oolitic gspup of supeime- 
dial rockf distinguished f 

What iidiyidual strata compose the wealden group f 
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Wealden group cmiinued* 

in Weald clay-«H 9 la^ clay^ and limestone, with beds 
of ironstone, and Sussex marble. 

394* Cretaceous group. 

^ a. Shanklin sand, lower green sand [^Gbxuconie sad* 

leuae^ FlO— ^ reen, gray, white, and ferruginous 
sand, with 


b. 


Cn 


clay, chert, and siliceous limestone. 
Gaut, or folkstone marl — ^bloe clay, with veins of 
red dMire. 

Upper green sand, ^or firestone [Glaueonie erayeusej 
n.]-— marly stone, and sand with green particles ; 
layers of calcareous sandstone. 
in Chalk, without, flints, 
e. Chalk, wi.li flints, or upper chalk. 

The chalk formationa, d and are very extensive in Enir* 
land, France, and other parts of the continent of Europe. 

Maestricht limestone — soft, yellowish-white lime- 
stone, with siliceous masses, resembling chalk. 

395. y* Superior JRoekSm 

^SupraeeiaeeouSf Tertiary^ or Newest Floetz Bocks of different Au* 

i^Sn) 

Lower formations. 

In Finland (London basin.) 

0 . Plastic clay. 

6. London clay, 
c. Bagshot sand. 

In France (Paris basin.) 

0 . Plastic Clay. 

4. CataSre grassier, 

^^896. Upper Formations. 

^ A. Calcareo-siliceous strata, gypsum, and marls, 

sand and sandstone, millstone grit, and marls. 

B. Marine deposits of' sand, formic the fahluns 
of Touraine, and of the Lower Loire, France. 

C. Subapennine marl, subapennine yellow sand; 

English crag; and other deposits containing marine 
fosmls. •. 

D. Motasse and accumulations of rolled 

t- pebbles and sands, composed of Alpine detritus. 

E. Limestone, sands, clays, sanastones, conglome- 
rates, marls, with gypsun^; containing marine fossils. 

Whst are thasiz subdivuions of the cretaceous or chalk group t 
What are coMidered in^England as constituting the lower ramations 
of the lertiarir^usf'’ 

What distincfions of this class exist in France t 

What five dh isions are found among the upper formations of this class i 
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297. VI. JlUumal DeposiU. 

A. Sand and gravel— auriferoas sands, cascalhao* 

B. Detritus of various kinds— calcareous sand- 
stone, with broken shells ; osseous breccias 

C. Recent calcareous formations— coral reefs and 
islands, tufa, travertin. 

Dt Peat. 


298. VII. Vbkanie Strata. 


Ancient- 

Basalt, trachyte, greenitone, &c. 

Recent— « 

Lava, ashes, moya, &c. 

What are the lour divj|iiQn8 of the aiztli class formed by geologists f 
How are volcanic strata divided ? 

What particular siihslgnces belong to each division ? 


Works in the Utpartment of Geology. 

BakewelPs Introduction to Geology with an outline of Profes- 
sor Silliman^s course of lectures on th^ same subject. I vol. 8vo. 

De la Bechets Geological Manual. 1 vol. Svo.ePhiladelphia. 

LyelPs Principles of Geology. 3 vols. 8vo. 

Ure’s New System of Gedogy. London. 1829. 

Maclure^sjGeolofi^ of the Umted States, with a map. ^ 

Featherstonhaugh’s Geological Report to Conflpress. 1835. 

Professor Rogers’s Report on the Geology of North Amert, 
in the Transactions of the British Association at Edinburgh. ^ 

American Journal of Science, , various numbers, particular^ 
volumes xxii. and xxix., th^ latter of which contains a high, 
important account of the geolcmcal character of the great cd . 
deposits of the valley of the Ohio, and its tributaries, by Dr«'* 
Hildreth. 

Transactions of the Geological Society of Pennsylvania, vol. i. 
8vo. 1835. 

Hitchcock’s Report of the Geology of Massachusetts. 1 vol. 
8vo. 1833. 

Transactions of the Geological Society of London. 5 vols. 4to. 

Mantell’s Geology of the South-East of England. X vol. 

Journal of the Academy of Natural Sdtences. Teirols, 8 ? 0«9 
hitherto published. 
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1. The term Oryctology* has been employed to denote the na- 
tural histo.y of minerals and fossils, with special reference to the 
situations they are found to occupy within or upon the crust of 
the earth. Mineral and. fossil are words of analogous signification, 
implying bodies that have been obtained by mining or excavation; 
but the former is now usually appropriated to those bodies which are 
mere chemical compounds, exhibiting no traces of organization; and 
the latter to such as retain in any degree the form and appearance 
of animal and vegetable substances, however changed or modified as 
to their composition. These hbdies might be generally designated 
metamorphosed organic remains, were they not sometimes pre- 
sented to us by naturd^bsolutely unaltered, as in the very remark- 
able' instance of the fossil elephant, found embalmed in ice, in 
Siberia, in the beginning of the present century. 

3. From the structure and composition of animal and vegetable 
substances, however, it necessarily follow^, that but very few 
comparatively can occur in such a state of complete preservation. 
Trees are sometimes found buried in bogs and mosses, standing 
erect, with their roots and branches very little altered. The more 
dense and compact parts of organized beings are most frequently 
preserved, while the softer substances which entered into their 
composition have been destroyed *or removed. Hence whole 
skeletons, or detached bones, and shells, either entire or broken, 
are among the most common fossilized organic remains. They 
occur, however, under varijouslv modified conditions : some having 
undergone lit^Je change oV substance, as those masses of shells 


To what does the term oryctology apply f IVhat remarkable instance 
ca« be mentioned of a specimen of extinct animals found entire ? What 
vmtable fiipsils are sometimes discovered in their natural positions? 
What parts of orghnizod beings are commonly wanting in fossil specimens ? 
How is thisj^xemplified in carbonate of lime? 

• From the Greek fossil, and Aoyos, a discourse. 
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and corals, whif h being conglutinated by carbonate of lime, form 
blocks or beds of variegated marble. 

The preceding figure represents the surface of a slab of Kil« 
konny marble, inlaid with shells and comlloids. which have a very 
pleasing effect ; and many of which are so perfect, that^heir forms 
may he fraced, and their species distinguished. 

3. The Sussex or Petworth marble i^ another kind of shell 
limestone, which affords beautifnlly-veined sections, and has been 
used for ornamental purposes. It js found in layers varying from 
a few inches to a foot or more in thickness, in the weald jlay, in 
the south-eastern part of England. ‘^This limestone is of various 
shades of bhiish-gray, mottled w'iih green and ochraceous 3^ellow, 
and is composed of the remains fresh-water univalves, formed 
by a calcareous cement jnto a beautifid compact marble. It bears 
a high polish, and is elegantly marked by tue sections of the shells 
which it contains : their constituent substance is a white cry stslIUzed 
carbonate of lime, an^j their cavities are commonly filled with the 
same substance, presenting a striking contrast to the dark gp‘ound 
of the marble. In o4|}eT varieties, the substance of the shells is 
black, and their sections appear on the surface in the form of 
numerous lines and spiral figures. Occasionally a few bivalves 
(eifclds) occur, and the remains of the minute crustaceous coverings 
of the cyprisfaba very constantly.”* This limestone is durable; 
*‘yet from long exposure in damp situations, it undergoes decom- 
position, and the petrified testacea may then be extricated almost 
entire.”]- 

4. The mountain limestone, called by Mr. Bakewell, upper 
transition limestone,*’ ** is one of thejmost important calcareous 
rocks both from its extent, the thickness and number of its beds, 
the quantity and variety of its organic remains, and its richness 
in metallic ores, particularly of lead. In Dcrb} shire, w^here thST 
different be^s of limestone have been pierced through by the mi- 
ners, the average thickness of the three uppermost is aboA 
y^rds ; the beds are separated by beds of trap or basalt, refteSM 
bling ancient lavas. The lowest limestone has not been pic|rQ4B| 
through.” 

5. The prevailing charaeteristic organic fossils are encrifiiW^ 
and madrepores. The upper beds of mountain limestone^ 
Derbyshire, appear to be almost entirely composed of encrinitek/^:|^' 
Polished slabs of entrochal or encrinital marble are sometimes 


What is the substance which has replaced animal matter in the fossil 
shells in marble 7 • 

Which appears to be the more durable — the testaceous fossils, or their 
interposed cement ? 

What is mountain limestone iq geological nomenclature ? 

What are its prevailing fossils 7 


* Mantell's Geology of the South-East of England, > 184. 
t Idem, p. 186. ) 

t Bake weirs Introduction to Geology, p. 131 
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employed for tables and other ornamental funiituro. A portion of 
such a table is exhibited in the following figure. 



The table, from which the above was taUen, is of a light gray 
colour, variegated with white ; but the moun^in limestone has oc- 
casionally a black, and sometimes a reddish-brown ground, or id 
veined or clouded. 

6. Beds of black marble, with madrepores, are found in various 
parts of England and Wales. The black tint of this marble is 
owing to the presence of bitumen : it is otherwise generally com- 
posed of nearly pure carbonate of lime, except some beds, which 
consist partly of carbonate of magnesia. 

7. Sometimes the organic remains are found to have undergone 
considerable modification as to their composition, while their forms 
exist unaltered^ Thus vegetable bodies are changed into ochraceous 
earth or tuff, like the umber found in the environs of Cologne. Wood 
impregnated with silex is not unfrequently met with in various 
parts of the world ; but the finest specimens are said to be obtained 
from the vicinity of Schemnitz and at Telkobanya, in Hungary. 
Jt also occurs in the diluvian detritus, in the sand of the cre- 
Itaoeous group, and in the Portland stone. The texture of wood 
way be traced in some siliceous minerals, as jasper, agate, cal- 
oedony, opal, and pitchstone, betraying their ultimate origin. 
Amllaceous earth may cause the mineralization of wood ; and 
different parts of vegetables are often imbedded in the rocks com- 
posed of this earth. Iron in the state of sulphuret, or in that of 
carbonate, may pervade the substanc^of vegetable fossils. In- 
numerable seeds, seed-vessels, &c., have been found, by Mr. 
Crow and others, in the blue clay of Sheppey, in the state of 
pyrites. Most of these belong to plants unknown to our bota- 

f 

For whnt purposes in the arts is this marble employed f 

To ivhat dc^ black mitrble owe its colour ? 

To what chan^es^re fossils found to have been subjected ? 

In what situations is wood found to bo replaced by silex 7 

In what 8ta*e may iron exist in the forms of vegetable fossils I 
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nists ; the existing plants to which the others seem to approximate 
are some of those of the warmer climates.”* 

8. Wood is occasionally impregnated with pyritical or carbonated 
copper, the latter forming very beautiful fossils, the finest speci- 
mens of which (consisting of charred wood, marked w^th the most 
vivid bhie, and green tints, with patches of the carbonate in the 
state of malachite) are obtained from the copper mines of Siberia.f 
Volkmann and* other authors have mentioned fossil wood im- 

E regnateJ with silver; but its occurrence is somewhat questiona- 
Specimens of wood thorcftighly impregnated with galena 
(sulphuret of lead) have been found in DerDysiiue.$ • 

9. As might be expected from their original composition, 
vegetable fossils are often found tc^have undergone changes which 
have reduced them nearly to the state o£ carbonaceous or bituminous 
minerals. Schookius relates, that masses of bitumen are frequently 
found among peat ; and sometimes resembling, in size and figure, 
walnuts, eggs, and piiie-nuts.|| Wood is also found in thS state 
of jet, lignite, and BOvey coal. This last mentioned fossil, which 
occurs in several siyscessive strata at Bovey, near Chudleigh, in 
Devonshire, extendingr for some miles, has been worked for more 
than a dientury, being used for fuel in burning lime and for other 
purposes. 



10. The preceding figure represents a fragment of Bovey coal. 
*^This variety is evidently a dicotyledonous or gymnospermous 
phanerogamic plant, for it presents all the external characters of 

In what Rtaten may copper Se found in the forms of vegetable fomils ?— 
Lead ? What conRtititents of vegetables are most frequently found in de- 
posits of ancient timber ? 

* Parkinson’s Outlines of Oiyctology : an Introduction to the Study of 
Organic Remains. 2d edit. 183s. p. 27. 

f See Parkinson’s Organic Remains of a Former World.. 2d edit.«1833. 
vol. i. pp. 388, 389. t Idem, p. 390. ^ 

^ See Martin’s Outlines of an Attempt to establislra Knowledge of Ex- 
traneous Fossils on Scientific Principles, p. 150. , 

I) Parkinson's Organic Remains, vol. i. p. 208. 
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stems belonging to that class.’’* Here the tracer of the woody 
tissue are very distinct, and the structure but little altered. This 
fossil is only found in the superior strata ; but the remains of 
yegetables are likewise abundant, as might be anticipated, in the 
coal formation, where however they occur, in general, more entirely 
metamorphdbed. The annexed figure is a representaton of a stro- 
bilus or cone of a pine, {Finua aniiqua^) which has been completely 
carbonized. 0 



11. The transformation in Some cases is sp complete, that though 
the forms and even the Colours maybe preserved, all the elements 
of an« organized being have been removed by the mysterious 
operations of nature. Such bodies are mere casts of the originals, 
and it not unfrequently happens that branches of trees, or some 
other parts of vegetables, or those of animals, having been inclosed 
in stony matter, the original substance has disappeared, but on 
dividing the lapidescent table, the impression of the organized 
bodies will be found on one layer, and easts in relief on the other. 

13. In general the inferior surface of leaves is displayed iu 
relief, and the superior* is indented. The small veins and hairs 
that mark these surfaces are occasionally preserved in perfection, 
apparently, while not a particle of animal or vegetable matter re- 
mains in the stone, the whole having been volatilized. The follow- 
ing figure exhibits a mould or impression of a branch of a tree. 

For what purposes is the mineralized wood, termed Bovey coni, applied ? 
,,^What class of vegetables must have entered into the composition of that 
stratum of fossils ? Why is it more important to study the internal struc- 
ture of fossil vegetables than of those which are reesnt t , 

In wKat manner may we obtain correct ideas of the forms of vegetables, 
when the original matter has entirely disappeared ? 

Which surface of a leaf appears to have resisted most effectually the 
compressing effect of the strata in which it has been imbedded ? 


* The Internal Structure of Fossil Vegetables found in the Carbonife- 
rous and Oolitic Deposits of Great Britain, described and illustrated. By 
Henry T. M. Wilhain, of Lartington, F. G. S., F. R. S. E, dtc. Edinburg, 
1^3. 4to. p. 50. To the finely-executed plates which accompany this 
work, we ore indebted for the figure in the text, and for those of some 
of the vegetable fossils represented in the following pages. Mr. Witham 
has contributed much, by his skilfully conducted researches, towards ob- 
taining on accurate knowledge of the internal structure of fossilized stems 
of plants; and by an improved method of cutting and polishing those 
bodies, so as to adapt them for microscopical examination, he has been en- 
abled to elucidate tneir intimate organization, and thus to aflbrd the most 
essential meaqs for ascertaining their relative affinities with the genera 
and species of existing vegetables : a circumstance obviously of the highest 
importance wi|h regard to the bodies of which the more characteristic 

S ortions, the foliage and organs of fructification, have very rarely escaped 

estruction. e 
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with leaves resemblingr the fir or yew, on shale, or limestone ; on 
Uie margin of the mass are traces of some other vegetable, probably 



13. Among the fossilized remains of ve^table foliage, the most 
abundant, especially ia the shales ahfl a^illaceotis schists above 
the coal, are those which belonged to different kinds of ferns. It 
is, however, very diflicult to identify them with living ^ecies. 
Dr. Woodward states, that out of one hundred and thirty>eight 
specimens which he submitted to the examination of four eminent 
botanists, they were^ble to point out only eleven which bore a 
decide(J resemblance to those now existing, and twenty-three were 
totally unlike any English plant.* 

14. Mr. Parkinson laid some fossilized ferns, of which he has 
given figures, before Sir James E. Smith, who observed, that 

these fossil remains of vegetables are a dbrt of botanical riddles ; ^ 
and with respect to those which appear to be ferns, the difficulty 
of determining to what species the several representations may be 
referred, is aupnented by their being so many things which they 
nearly resemble, without being the s^me.’* He spoke doubtfully 
of almost all of them, but conjectured that they svere all foreign, 
and productions of a warm climate. f The annexed figure repre- 
sents the impression of a branch of fern, and others will be gi^^SR^ 
in a subsequent page. 



Wliat class of vegetable remains is found most abundant in shales and 
clay slates ? What difficulty opposes their acccurate determination ? 

what change of climate appears to have taken place in the temperate 
zones since those vegetables were produced ? ^ • * 

• Dr. Woodward’s Natural History of Eni^lish andToreign Fossils, 17S9» 
vol. i. ; Catalogue of En^ish Fossils, part ii. p. 9. 
t Parkinson^s Organic Remains, vol. i. pp. 416, 417. ^ 
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15. Mr. Parkinson questions the existence of anHiolithes^ or fos- 
sil flowers, or at least asserts that it is merely conjectural. He 
says: *^The tender and almost succulent substance of the petals, 
stamina, and pistilla, will furnish very little reason for supposing 
that they should resist a destruciiYe resolution, sufiiciently long 
to allow them to pass through those chemical changes, by 
which such duration would be ^ven to their original forms, as 
would secure their passing unchanged in their flgure from the 
vegetable to the mineral kingdom.*’ 

16. The ^xiatmee of impressions of flowers 
in the fossil state, has been fully established 
by their presence in specimens where they 
«are clearly developed. Floral forms may thus 
be exhibited, so that their resemblance to 
those of recent plants may sometimes be 
traced, as in the marginal flgure, which re- 
presents a mould or impression of a radiated 
or stellated blossom, ap^rently of a syngene- 
sious plant, like the marigold or China aster.^ 

17. It is certain that ‘‘ the earlier writer^ on this science too 
frequently admitted resemblances, when the connexion between the 
supposed model and the archetype were too equivocal to authorize 
them* Thus Mylius imagined that he traced the flower of the 

mouse-ear on a flint, and the rose of 
Jericho on a schist, from Manebach, 
both of which M. Walch believes 
were in reality merely impressions 
of trochites.”* Fanciful as the 
analogies undoubtedly were by 
which some authors have been led 
to describe certain fossils as antho- 
lithes, there can be no doubt but 
flowers as well as lehves, have 
sometimes been imbedded in rocks 
in such a manner that their forms 
have been more or less preserved, 
furnishing casts or impressions. 
The annexed flgure exhibits a 
beautiful impression on sandstone 
of a branch of a tree, with long 
lanceolate leaves and blossoms, or 
nidimeifls of blossoms. 

18. In the case of shells, corals, or other bodies included in lime- 

Why cannot the parte of fructiflcation be resorted to for determining fbs* 
sil plants? • 

iW'e we no example of the preservation of those parts f 

What errors isn this sublet were oommitted by the earlier writers ? 




^ Parkinson's Organic Remains, vol. i. p. 437. 
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Stone and sandstone rocks, the whole organic substance may be 
dissolved and cariied away, leaving a cavity in the rock bearing 
the impression of the foreign body, and in this cavity is a mould 
or cast of the interior. Thus the acrewisiones^ as they are called, 
have been cast or moulded in the cavities of crinoid^l columns. 

“ The rilost extreme case of mineralization or petfifaction is pro- 
duced by a process in addition to that ji\|t described, when the 
cavity left by tite removal of the shell or coral is again filled up 
by crystals of calcareous spar, deposited by water filtrating 
through the stone. Sometimes only a few cryjstals connect the 
inner mould or cast to the exterior impression, but geneifllly the 
whole cavity is filled by the spar, which thus represents truly 
the shape of the original body, h\ti displays no trace whatever of 
its internal texture.*’* ^ 

19. With respect to the changes that orf^anized bodies undergo, 

they must be influenced considerably by the nature of tl^ con- 
taining rock. In the green sand almost nil the shells are sili- 
cified ; in the oolitic rbeks many are chaugeti lo calcareous spar ; in 
the clays very slight changes have happened to any of the organic 
remains. On the oth*er hand, the original nature of the organic 
substanbe has very much influenced its mode of conservation. 
Echini tal and crinoidal remains are almost invariably converted 
to a peculiar kind of opaque calcareous spar, in whatever strata 
they occur : gryph»ae and astraeee retain their laminae ; inocerami 
and bolemnites their fibres. ^ 

20. As to vertebrated animals, ** their soft portions have perished, 
but their teeth, bones, and scales remain, either connected or sepa- 
rated in consequence of the decay of the ligaments, cartilages, &c. 
The hardening ingredient of bones is principally phosphate of lime, 
that of teeth is a mixture of phosphate and caroonate of lime. 

It is generally the fact that their gelatinous or membrano«nr« 
portion has-been diminished, and their earthy admixture increased, 
iiy the subterranean chemistry to which they have been BuMjected, 
and, in consequence, their specific gravity is much augmented.” f 


Geological Arrangement of AEnerale and Fossils. 

21. There are two modes of formation to which the origin of the 
rocks composing the crust of the earth might be ascribed. The first 
consists in the more or less rapid consolidatioir of masses which 
had been previously in a dissolved state ; and the second in the gra- 

How are screwstones produced ? 

On what circuinstance does the degree of change from a recent speci- 
men to its fossilized state mainly depend ? 

What is the mineral which replaces organized matter in the«green 
sand formation? * 


* Encyclopmd. Metropol.— Treatise on Geology, voL iv. p. 548. 

t Idem. * 
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dual deposition of solid matter from a fluid with which it had been 
nieehanically or ciieiiiically combined. Vast fields of ice, and 
beds of lava, arc occasionally or periodically formed at present, by 
the more sudden process of solidihcalion ; and layers of silt and 
sand, and b^ds of travertin limestone, are produced by the slower 
liiethod of precipitation, 'i'he inferior unstratified, as well as the 
trap rocks, are usually qpnsidered as bein^, like those of volcanic 
ori{riii, tiie results of igneous fusion and congelation. But all the 
stratified rucks are regarded as aqueous deposits, and these, which 
are by far the most numerous, must have owed their existence to 
tlie protTacted operations of nature.. 

22. 'I'he si ratified rocks, from the graywacke se.ries to the ter* 
tiary and alluvial fciriiiatiniis, ii9cliide a niiiltitude of distim^t de- 
posits, most of which inchi^e organic reii^iins derived from suc- 
cessive races of anima'is and vegetables, comparatively few of 
which,:y except in the upper formations, seem to have any living 
congfuiers, but on the contrary, many of these relics present us 
with the forms of strange beings that once peopled the earth, and 
which have ceased to exist for countless agos past. Bocks ar- 
ranged in strata, one above another, may, by their peculiarities of 
Htrtictiire and contents, afford the means for ascertaining tneir re- 
lative age, or rather order of formation. 

23. ‘‘ (ieognostic epochs,” says Brongniart, “ are very different 
from chronological epochs; the latter are determined by the suc- 
cc.-^sion of time, hut not so the former, which are founded on the 
grand phciioineiia or catastrophies that limit a geognostIc period. 
By this term we designate the whole time during which the same 
geognostic phenomena have taken place on the surface of the earth. 
These periods lyay amount to numerous ages, or to only a few 
years : thus the space of time during which the granite dis- 

-^Hvyed itself over all parts of the surface of the globe, accompanied 
by the ininernls which it contains, forms a remarkable geognostic 
period.^ That in the course of which the trilobites existed, with 
tlniir contemporary organized beings, whilst the argillaceous 
schists and the carboniferous and bituminous limestones were depo- 
sited, w as another geognostic period, of which the average duration 
of the life of a trilonite, and the nuiiiberx>f the generations, if it were 
possible to discover them, might loosely indicate the duration. 

24. We have another remarkable example of a geognostic period 
in the state of repose which seems to have prevailed in the crust 
of the earth, since the existing continents have received their 
forms ami limits, the sea assumed its level, and the atmosphere 
its temperature ; since the animals and vegetables that inhabit the 

In whnt two modes may the strata of the earth’s crust have been formed ? 

What is generally supposed to be the origin of granite, gneiss, and trap 
rnokw V • 

What striking trait distinguishes the fossil animals in ihe lowest beds 
in which their rrniains are lound ? 

lluw are geological ages or periods to be distingnished from chronolo- 
gical periods? 
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sea, OT live on the surface of the earth, have varied but little from 
what they are at {ircsent; this state of repose, established by all 
observations, all historical traditions, constitutes the last geogrios- 
tic period, the commencement of which must be dated at least 
four thousand years ago, and which may extend for ^long series 
of ages Co come. 

23. As we are ignorant whether thcwarrangement of the dif- 
ferent groups iff siniilar over the whole ^obe, it is impossible to 
determine whether the geognostic periods have been of equal 
extent, and also contemporaneous over the surface of the earth. 
For instance, ivhether since the ammonites and the berl^mnih^s 
have ceased to live, and the chalk to appear in Europe, in order 
to be succeeded by the ccrites and the tertiary deposits, the first 
mentioned cephalopodqus molluscs have not continued to exist, 
and the chalk to be deposited in India anc^iii America.* 

26. From the preceding observations, it must be concluded 
that though certain E uropean groups or furmations may be charac- 
terized by the preseifce of particular fossils, the same formations 
may occur in other quarters of the world unaccompanied by such 
fussils, or the fossils may be found in rocks differing in inineralo- 
gical edm position from those in which they appear in Europe. 
Ft is, however, a point of importance to be enabled to discriminate, 
by reference to their contents, the rocks of a single continent, or 
even those of any one country ; and thus far, at least, it may be 
admitted that geognostic oryclology has advanced.f 

Primordial or Inferior Roeks^ 

m 

27- These rocks are negatively characterized •by the absence 
of any organic remains, or conglomerated fragments of transported 
matter; whence it may be inferred that, however they mighiT 
have been produced, they underwent the process of consolidation 
in a short space of time ; unlike the sedimentary rocks, which wore 
formed by gradual and successive deposition. It is also supposed, 
that since there are no relics of animals or vegetables in the strati- 
fied inferior rocks, their formation must have preceded the existence 
of organized beings on the Surface of the earth. 

28. The inferior rocks, (including in that appellation the gray- 

IIow might we calculate the duration of the period in which carboni- 
ferous limestone was fiirmed ? • 

What extent of observations would be necessary in order to determine 
the relative duration of geognostic periodii ? ^ 

What classes of rocks are wholly destitute of organic remains? 

What may we infer respecting the time at whi^ animals first existed, 
compared with that at which primitive strata were at the surface of iho 
globe ? 

^ 

♦ Tablesii des Terrains qiii coinfiOHenl VEvorce dii Gloh^. Introd. pp. 8 9. 

t Tlie observation of strata and the examination of fossils prove that 
•very European group boa its equivalent in America. — £o* 
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wacke formations, from which some of the lower rocks can scarcely 
be distinguished) are the grand repositories of mineral bodies. 
Among them are found the metals and metallic ores, the gems, 
and other rare and curious mineral compounds.^ These, indeed, oc- 
casionally c^cur in the ascending strata ; but it will in general be 
evident that such minerals have been detached from their ori- 
ginal situations, and dispersed by some convulsions of nature ; as 
IS the case with diamonds, which are found enveloped in the 
cascalhao, a comparatively recent deposit in Brazil ; with the gold 
dust obtained from fluviatile sands, and the stream-tin of Corn- 
wall. 

29. Some metals, as tin, tungsten, and molybdena, are almost 

exclusively the produce of the primordial rocks, or are imme- 
diately derived from tl^m ;'^and gold, sil^'er, lead, copper, iron, 
cobalt, zinc, mangane^, arsenic, and mercury, are abundantly 
disseminated through rocks of this class, in veins, beds, strings, 
or detached nodules ; and many primitive jiistricts are charac- 
terized by Uie metalliferous deposits they contain. Nothing can 
be more beautiful than the drwy caviUts iret with in primitive 
mountains, whose walls are lined with pure and variouslv tinted 
and crystallized topaz, beryl, rock crystal, fluor spar, and calcareous 
spar; the gneiss, ignite, and mica slate, with their crystals 

grains or sapphire, chrysolite, and garnet; and the vetrt9 in 
granite, clay slate, and "other primitive rocks, with their emeralds, 
axiiiites and spinol rubies, aflbrd to the mineralogist highly inte- 
resting conibinations.^'* 

30. Observations on the deposition of silica from the water of 
hot springs, together with the supposed impossibility of forming 
some mineral c impounds by hre, induced the geologists of the 
school of Werner to ascribe the production of granitic rocks to 
Valer. But the discoveries of Sir James Hall and Mr. Gregory 
Watt, jelaiive to the effect of gradual cooling on osrbonate of 
lime and other bodies fused by neat, causing them to assume a 
crystalline structure, invalidated tlie arguments derived from the 
second consideration ; and subsequent researches afford abundant 
evidence of the igneous origin of granitic rocks and their included 
minerals. 

31. Mitsoherlich found that the slags from iron smelting-fur- 
iiaces are often crystallized, have the form of augite, and agree 
with it in chemical composition. He, also, by exposing to intense 
heat the substances of which certain minerals consist, obtained 
crystals of those minerals ; thus producing, artificially, anmhibole, 
mica, and hyacinth. Berthier, likewise, formed silicates of manga- 
nese, as well as of iron, in his furnaces, and obtained them regularly 

In roc'kj are the vnineral repMitoriefl chiefly found f 

Why was ihi origin ot the primitive rocks referred, Iqf the Gennsii 
geologists, to aqueous deposits ? 


* Enryclopeedia of Geography, pt ii. book ii. p. 290. 
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crystallized.* Admitting, then, that granitic rocks and those 
with which they are more directly associated were formed by 
consolidation, after having been fused by heat, iC must be manifest 
that if shells or other parts of living beings had entered into 
their composition, no traces of them would have remained, since, as 
to structure, at least, they must have undergone niter destruction. 
The primordial rocks, therefore, may be regarded as being dis- 
tinguished by tiie . absence of organic i^nains and being the 
chief repositories of minerals. 

• 

Submtdiq} RoekSm 

33. With respect to these rocks gnd the higher strata, our space 
will admit of only a few notices of the^characteristic fossils of the 
several rocks or formations, with de8cri{4idns of some of the 
more curious and important. ^ 

The submedial or transition rocks are not unfreqnently so inter- 
mixed with the stratified primordial rocks, that it is diihcult to 
discover the distinction between them.f Viewed on the largo 
scale, they consist of*^^a stratified mass of arenaceous and slaty 
rocks, irftcrmingled with patches of limestone, which are often 
continuous for considerable distances. The arenaceous and slate 
beds, considered generally, bear evident marks of mechanical 
origin, hut that of the included limestones snay be more question- 
able/’f 

By whaf experiments was its igneous origin rendered probable? 

What materials, found in other formations, aro wholly wonting in the 
p/imordial rot^ks ? • 

What must have been the origin of bods of sand and sJate ? 


* See Johnston on Cheinislry, in Rep. of Brit. Assoc. 1832, p. 486 ; CiiviVi ■ 
Biscoiirs siir jes Progres r6cens cle la Chimie, pronoiinc6 en Mai, 1826, 
dans lino Seance des Qiiatro Academies; and Annales des Mines.# 

t This difRcuUy is fully admitted by one of the latest writers on system- 
atic geognosy. ** Some of the rocks constituting the primitive group are 
continued, and still more developed in the transition group ; as the argil- 
laceous schists and calcareous rocks; and others, as the quartz and the 
gray wacko, are intimately connected with the primitive quartz and schists ; 
so that it might bo supposed, that, from the lowest granites to the upper 
transition rocks, there was only one grand pericxl.” — Trai/d de Oeqffnone ; 
mi 9 en Rapport avec V Inf rod; pub. en 1828, par M. D' Anhninson de Voisins. 
Par Amedie Rural. 183-1. tom. i., p. 209. Hence M. Biirat proposes a 
division of tho transition rocks Thto two parts or classes. Mr. De la Beche 
remarks, that “towanls the lower part of the grauwacke groiipe its fossili- 
fcroiis character disappears, and the presence of cr 3 ^tauine rocks, appa- 
rently of contemporaneous origin, becomes more common, 'rtiis change 
varies much in different countries ; but in general the slaty rocks gradually 
prevail, presenting a very great thickness of argillaceous schists. Wo 
seem to have arrived, in the descending order, at a state of the world 
when there was a combination of those causes which have prtxlucw fos 
siliferous and non-fossiliferous rocks.*’ — GeoL JMaa., ps42^ 
i De la Beche's Geol. Man. p. 414. 

2 M 
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33. It is in the calcareous rocks of this class rhieRy that orga« 
nic remains are fpund ; for the ^ray wacke sandstones appear to 
contain none, and the transition ^ates relatively few. I'he vege- 
table fossils found in these rocks are seldom in such a state as to 
afford traces of their analogies with those of living plants. So far 
as can bef determined from those Which have been mace out, it 
appears that the same kind of vegetation probably prevailed 
during the period in Which these formations took place, as during 
the depositions of the carboniferous rocks. 

34. As to the •animal fossil'^, they are generally derived from 
the lower orders of beings, consisting principally of zoophytes, 
radiated animals, conchifers, molluscs, and crustaceous animals. 
A few ichthyolites have been found, indicating the existence of at 
least one genus, and two or three species of Ashes. These rocks 
contain a mixture of •"cnem of animals "inhabiting the seas and 
oceano of the present day, and of others which are now not known ; 
but the npetUa have all become extinct. 

35. Among the moie remarkable animal 
fossils are the trilobites, (see marginal Agure,) 
tong known in Hngland under the appellation 
of Dudley fossils,” from their freSjuent oc- 
currence in the Dudley limestone. They are 
found so abundantly in the mountain lime- 
stone, in different parts of England, as to be 
characteristic of that formation. Specimens 
have also been discovered in («eriiiatiy 
Sweden, and America. Another kind of 
trilobite {^saphua debuehii) is so abundant in 
some }iarts of Wales, that the laminae slates 
are charged with them, and millions probably 
ifiVed and died not far from the places where we now discover 
their remains. A groat number of species of these fossils are 
foiindiin the limestone beds at IVenton falls. New York, and 
other parts of the United States."^ A variety of conjectures have 
been hazarded with regard to these extinct animals, | which ap- 
pear to have been Crustacea. 



What in the character of the fomila found in transition limestone ? 

What orders of animals appear to have existed at the time the transition 
rocks were formed ? 

How are the tonsil Ashes of the transition group characterized, compared 
with recent genera and species? 

What class of fossils is ibund particularly abundant in the old transition 
limestone X 


* See pr. Jacob Green's Monograph of" American Trilobites Also, the 
Traifsaetions of the Geolc ;ical Siyciety of Pennsylvania, for a Description 
of some non-dejtcripa Trilobites, by Dr. Harlan. — En. 
t See Parkinson’s Organic Remains, vol. iii. pp. 271. 275. 
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36. TKe crinoid animals constituted a once numerous class ol 
zoophytes, some genera and species of which have continued up 
to the present day ; white others, which are found in various rocks, 
have aiaappeared from among living antmads. The lily encrinite 
(see preceding figure) belongs to the mountain limestone, and its 
reniains form extensive strata of that rock, of which a representa- 
tion has been given In a preceding page. 

37. In Lower (liaxony and \¥estpha)ia, also, this stone is so 
abundant as to be used for building f and is eomimsed, like the 
Derbyshire marble, chiefly of entrochal columns ot stems of the 
encrinite ; but specimens of the bf>dy are very rare. These animals 
W'ere composed of a multitude of small bones, forming a vertebral 
column, proSably attached at its basis to the surface of aocks, 
and surmounted by a cup, from the edge of which proceeded 
digitated processes, the removal of the outer portions of which, in 
the preceding figure, shows the cluster of tentaculaby which they 
were terminated. The whol^ skeleton must have been involved 
in a thick fleshy covering. 

Another highly interesting genus of fossils found in the transi- 
tion series, particularly the upper beds of that formation, is the 
pentremites,* first discovered and named by the late distinguished 
'naturalist, 'IHiomas Say, Esq. It is of a radiating or star-shaped 
figure, and appears to have been fixed by the centre to jn articu- 
lated column. 

In what rocks are crinoid fbssihi discovered? 

In what manner were the encrinites constitute ? 


* See'ihe Paper of Mr. Troost, in the Trans, of the Geol. goc. of Penn, 
vol. i. p. 224. 
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38. Among the corals are fuuncl some genera 
of which there are existing species. The 
annexed figure represents a madreporitc. 
appears to have been imbedded in a hard, 
close-grained limestone, of a pale yellowish 
colour, part of which, containing fragments 
df shells and other marine vamaiiis, still ad- 
heres to the madreporite. The madreporitc 
itself is ••formed of a spathose suhstanne 
strongly igipregiiated with iron ; as is the 
case with all the fossil madrepores found at 
Steeple 4shton, the locality of this fossil/** 
39^ Notwithstanding there is a rcdativfdy 
li^inair proportion of organic remains in the 
submedial rocks, it is evident that they must 
have been deposited when the atmosphere 
was adapted to the vegetation of plants, and 
when the sea was capable of affording habita- 
tion and food for vartthis kinds of animals ; 
and tliough no remains of terrestria* animals 
have been preserved, it is at least probable that such existed, for 
whom the vcgetuhles served as food. Of the marirre animals, vast 
multitudes have utterly perished, without leaving any traces be- 
hind. “ Mere fleshy creatures may have cxisUul in myriads, 
without any of them having been traiisiiiittod to us. In proof of 
this, if any were recpiisiUi, we may inquire what portion of those 
myriads of fleshy animals which now swarm in some seas, (as the 
medusa;,) could be traiis%iiitted as organic remains to future 
ages.**!" 

Medial Rocks, 

40.tThe formations of this class, constituting fne medial 
order** of Conybenre, are included among the Aoetz or flat rocks 
of Werner, and by other geologists have been rc^garded as forming 
the lowest group of secondary rocks. They comprehend the 
principal deposits of coal, or great co^il-fields ; and hence the term 
earlHiniferauH has been generally applied to them. The lowest of 
these rocks, termed the old red sandstone, contains but few or- 
ganic remains ; and so far as they have been observed, they ap- 

To what great divieion of fossils does llie madreporite belong ? 

What must have been the condition of the atmosphere when the tub- 
medial ixH^is were formed ? 

Whut classes of animals have lefl no Oissil remains ? 

Bv what different names have tlio meilinl rocks been designated ? 

Which is the lowest of this group of fvrmatioiu* ? 

W<iat term has l>een applied to the rocks of this dost in consequence of 
their contaiiiiKg 7 

What organic remains are found in carboniferous sandstone ? 

I * Parkinson's Organic Remains, vol. ii. p. 67. 
t De' ia Beche's Geol. Man., p. 439. 

. 
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pear to be of similar character with those in the strata im- 
mediately below or next above this sandstone. • 

41. The mountain limestone* also termed carboniferous lime- 
stone, presents considerable analogies with the transition lime- 
stone, relics of corals and radiated animals beins in^osed in it, 
especially those of the encrinites. It is usually of a gray colour, 
and granular, Ij^ut sometimes of a foliat^ texture, particularly 
where it comes in contact with trap rocks. Some varieties are im- 
pregnated with bituminous or carbonaceous matter, and are of a 
black colour, as the marble called lucullite. L6ad ore, ayd occa- 
sionally the ores of zinc and copper, occur in this rock, which has 
therefore been called metalliferous limestone. It seems to be the 
most recent formation in which metals are found in veins, which 
seldom rise into the co^ strata; *and when they do they soon ter- 
minate. 

4^2. The enal-meaaures^ as they are technically termed, inCludiiig 
the associated beds of shale, clay, and ironstone, compose the 
highest formation of medial rocks ; though they are not exclu- 
sively confined to thisjseries.* This valuable mineral is generally 
deposited in basin or trough-shaped hollows, of various extent, 
from one to many miles; and it sometimes covers large areas, 
which may at a distant period have been deltas over which great 
rivers dispersed immense piles of vegetable matter, such as are 
now collecting at the mouth of the MissisSippi. The manner in 
which coal and the alternating strata are usually disposed has been 
described already, and illustrated by a section of the coal-basin in 
the hill of St. Giles, near Liege. f In the great coal-field of South 
Wales the strata are arranged in a vast trough, over a tract nearly 
100 miles in length, and from 5 to %0 in breadjh. It contains 
twenty-three beds of workable coal, the thii^est nine feet 
deep ; and in some parts there are sixteen seams or layers #f 
ironstone.:!;; ^ 

The coal fields of the United States extend througl* large 
portions of Pennsylvania, Ohio, Maryland, Virginia, I&ntacky, 
Tennessee, Indiana, Illinois, Missouri, Alabama, and Arkansas, to 
points within 500 miles of the Rocky mountains. 

43. Dr. Hutton ascribed the formation of coal to accumulations 

What ones in mountain limestone 7 
What are the chief varieties of this limestone 7 
Which is the highest ibrmatipn of medial rocks 7 
In what manner are coal measures usually arranged 7 
What examples of accumulating vegetaole matter may illustrate the 
probable mode of deposition in the coal beds 7 


* “ Le Carbone n'appartient pas exclusivement au terrain houiller. Nous 
avons vu former des amas et das couches exploitables dans 1e terrain de 
transition, et il se pr^entera encore dans des ibi^sations poSt^rieuresV mais 
il y atteint son maximum d’abondance, et devient yn cdhicl^re presque 
constant. " — Burnt TraiU de Geognoeie^ tom. i. p. 274. * 

t See 387. 

X Bakeweirs Inirod. to Geol., p. 252. 

2 M 3 




ORYCTOLOGV. 


414 

of carbonaceous matter^ from various sources, at the bottom of the 
sea ; but geologists at present scoin to he generally disposed to 
regard this mineral as a deposit from fresh-water, consisting prin- 
cipally of vegetables, which became submerged in lakes, some- 
times occupying the spot on which they had grown, and into which 
descending torrents washed the clays and sands forming the beds 
interposed between the Several strata of coal. These depositories, 
however, must have been occasionally overflowed by the sea ; for 
ill some instances, beds of marine shells are found between those 
of coal. 

44. That the coal strata have been partly formed by plants 

growing on the spot appears frQm the repeated examples which 
have been adduced of stems of threes found in coal mines, in a 
vertical position with ^eir roots imbedded in the strata below. 
Mr. Wjjbam mentions the occurrence of such stems in the Der- 
went mind, near Dlancbford, Durham ; and of numbers of fossil 
vcfgetables, chiefly erect, with thehr roots imbedded in 

a small scam of coal under the sandstone, and all truncated on the 
lino of the high main coal bed, to the formation of which the tops 
probably contributed.* A curious instance of similar appearances 
IS noticed by Mr. Wood, as having been observed at Killingworth 
colliery, in tlio same district. There were many fossil trees 
rising perpendicularly U) feet through various strata of shale and 
sandstone. They were filled with sand, resembling that of the 
upper beds ; so that they must have been hollow when those beds 
wore deposited. f 

45. Mr. Witham, in a subsequent publication to that just quoted, 
has given an account of sonire interesting researches concerning 
the structure of wssil plants found in the carboniferous strata. 

In the neighbourhood of (yoldstreani, on the hanks of the 
**T\veed, niimcrous fossil vegetables occur imbedded in shale, be- 
loiiging^.to the carboniferous group. Stems of trees' are found 
curitortf3d and flattened, as if they had been subjected to extreme 
pressure. The longest stem obtained was not much more than 4 
feet, and the lowest part of it about G feet in circumference. 

4G. In 18:3G an enormous trunk wjis exposed in the lowest 
bed of Craigleitb quarry, near Edinburgh, at the depth of up- 
wards of 13G feet. The length of this trunk was 3G feet, and its 
diameter at the base 3 feet. It lay in a nearly horizontal position, 
corresponding with that of the stratum of hard white sandstone in 
which it was imbedded. It was incased in a layer of coaly mat- 

What accofint did Hutton give of these beds 7 

How do modem geologists regard them 7 

Whot facts prove that the vegetables contributing to the coal beds 
sometimes grow on the spots where they nchv retiose 7 

Into What form Is the cross^ction of imbedded trees found to be changed? 


♦ Observations on Fossil Vegetable. 1831. p. 7. 

t Do la Borhe. from Trans, of Society of Natural History of Nowcastl#, 
vol. i. ; aud Lindley ah4 Hutton's Fossil Flora of Great Britain. 
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tpr, bein^ probably the altered remains of Uie bark.** From 
analysis it was found to be composed of carbonate of lime, 60 
parts; oxide of iron, 18; alumine, 10; and carbonaceous matter, 
9. Its interior structure resembled that of the coniferae. 

47. “dn November, 1830, a maornificent fossil steill was dis- 
covered in the same quarry, which, in geological position, is 
situated iA the mountain limestone groupfand lies considerably 
below the great coal basins of the Lothians.’* 



48. ‘‘The length of the stem, (see preceding figure,) from the 
base to the top, was 47 ft. presented the appearance of a large 
branchless trunk, in some parts greatly flattened, so as to form an 
elliptical section.” Dimensions: A, diameter,^ ftAy 2 ft.; B, 
C, 2 ft. 8 in. by 1 ft. 5 in. ; D, E, 2 ft. 7 in. by 1 ft. ; T, 1 ft. 10 in. 

What was the composition of the fossil troe found at CraiAeith aaarrv? 
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by 1 ft. 3 in. ; 6, 1 ft. 7 in. by 1 ft. 4 in. ; H, supposed prolonn- 
tton of the top of tee Btem, 12 ft. ; I, upper part of the tree nrat 
diecoveredf snowing a cavity, the seat of a branch. The superin- 
cumbent mass must have been above 100 feet in depth. The bark 
was convened into coal. This fossil also exhibits the usual struc- 
ture of the coniferae, and appears from analysis to have consisted 
of carb. of lime, 62; cSirb. of iron, 33; carbon, 5«: sp. gr., 2.67. 

49. A third fossil stem of a similar character was found in 1831, 
in the same quarry.* 

Messrs. Lindley and Hutton, in their “Fossil Flora,” vol. i. p. 
9, pi. ii., have described the trunk of 1B2G and that of 1830, under 
the appellation of PiniUa witliami g and have named that of 1831, 
Piniten meduUaria, * 



Some remarkable vegetable fossils have been obtained from the 
Northumbrian coal mines ; one of which is shown in the preceding 
figure. 

The specimens “consist of sub-cylindrical or slightly-com- 
pressed dichotomous stems. The surface is covered by a thick 
envelope of carbonaceous matter, presenting indistinct protube- 
rances arranged in spiral series, and Jbeneath which are observed 
papillae of an elliptical form, higher than broad. The above figure 
represents a portion of one of uie stems, denuded of its carbona- 
ceous coVbring.”f 

What were the dimenaiona of the target apecimen found at the aame 
plac^T How Qiaiiy per cent, of carbon were found in ita com poai lion 7 

What ia th^ exterior auppearance of tlie Ibaail atema found at the 
Northumbrian soal Siinea. 

* Witham'a llluafrationa of Fossil Vegetables, sect. iii. 
t Witham'a Illuatrationa, p. 52. 
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STRUCTURE OF RECENT LYCOPODIUM. 

50. The marginal fi^re exhibits a 
longitudinal sectioTi ot a part of one 
of these fossils, in which the central 
axis or pith is entirely filled by cal- 
careous spar, and a tube ^ carbona- 
ceous matter. From the axis emanate, 
on all sides, Cylindrical processes, 
consisting of cellular tissue, with 
central fasciculi of vessels. They proct*ed obliquely upwards and 
outwards, and terminate in the papillary eminence on the«urface 
of the stem.* * 




51. Those processes are seen cut obliquely in the foregoing 
figure, n'presrnting a transverse section of the stem, the processes 
appearing as white oblong markings c^ispersed in the brown pa- 
renchymatous tissue. t The plant evidently belrs^s to the vas- 
cular cryptogainic class, and appears to be allied to the lycopodia* 



What materialii are found in the interior of th# mam 7 

To what class of vegetables have those sioms been tfbp|iOBcd to belong f 

Why? 


* Witharii's Illustrations, p. 52. 


f Idem,* o. 53, • 
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59. The preceding figure represents a tranverSe section of the 
Lycopodium clavaVum^ exhibiting the same kind of cellular strac- 
iure and central axis, as appears in the fossil stem* 



An oblh|ue section of a process of the Lycopodium davatum^ showing 
the structure of the tissue^ of which there are traces in Uie fossil.* 

53. To the plant which produced the Northumbrian fossils, Mr. 
Witham has assigned the name of Lepido^ndron karcourtiL He 
has examined and desgribeld th% structure of fossil plants belong- 
ing to four distinct genera : Pinites, pitus, anabathra, and lepi- 
dodendron ; including nine species. From the sections of fossil 
stems found in the coal strata and mountain limestone, he infers 
that these combustible beds were masses of vascular and cel- 
lular cryptogamic plants, mixed with gjftinospermoiis phane- 
rogamic trees, or others of a closely-allied structure and not 
entirely of vascular cryptogamic vegetables, as some have sup- 
posed.! 

51. branches and leaves of plants, especially of ferns, are abun- 
dant in the coal-measures and the formations with which they are 
connected. Numerous specimens are preserved in various cabi- 
nets of natural history ; two of which are exhibited in the foliow- 
iiig figures. 



What anpellstion has been applied to the Ibesil form of the Northum- 
brian locality ? Wliat mixture of plants was probably once found in the 
region to which they belonged ? 

What classeit of |Manla C.re particularly abundant in coal beds ? 

* Besides the preceding, Mr. Witham has given several other interesting 
magnified sections of dimrent parts of these iussila. 

t llh'atrations^ sec^. i. p. 10. 
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Supermedial Roeks^ 

55. The penean or lower gpropp of these rocks consists partly 
of new red sandstone, with "beds of marl, an^Also gypsum and 
rock salu; and in the bituminous copper slatenre footia the first 
traces of those immense reptiles of the lizard family, which are 
so abundant in t(|e liasic group. The zechstein or maraesian lime- 
stone contains only a few genera of plants, several of shells, mol- 
luscs, radiaria, and zoophytes, three of fishes, and one reptile. 

56. In the keupric group occurs a greater variety of plants and 
animals, including among the lattet five or six genera of saurian rep- 
tiles. Among the organic remains of the muschelkalk, two of the 
most characteristic are perhaps th% Ammonites nodoswi^ and the 
Encrinites moniliformia^^iX lily eriS[9riniCb; ^ut the former is also 
found in the higher, and the latter in the inferior rocks. Among the 
red marls and sandstones by which the shell limestone is some- 
times replaced, are likewise beds of rock salt; and from the pre- 
sence of that useful mineral in this and the preceding group, they 
have been described together by some geologists, under the appel- 
lation of the Saliferous System.”* 

57. The formations which constitute the two following groups, 
(the liasic and the oolitic,) are peculiary rich in fossil remains. 
Aiiiong those of vegetable origin are lignins, fossil wood, some- 
times siliceous iimiressions and casts of fern, (see p. 403,) cyca- 
dacese, and fuci. But these are not the only kinds of plants. Mr. 
Withain found in these groups three species of a genus named 
pcuce^ peculiar to the lias and oolite, or at least not occuring in 
anterior deposits ; and two species of pjdus^ which also appear in 
the mountain limestone. From an examination of thaso fossil trees, 
he asertained that their tissue, in tranverse sections, corresponds 
precisely with that of our coniferie, and more especially with thdt 
of the genu8«/iinus. 

58. From the circumstance that the concentric layers or tWb fos- 
sil vegetables, which Mr. Witham has described as occuring in 
the lias and oolite of England being like those of recent trees, 
some much broader than others, ne infers, that the climate 
which existed at the epochs when these vegetables grew, re- 
sembled that of the same country at the present day, in the 
irregularity of its successive summers. **The coniferae of the 
coal formation and mountain limestone group have few and slight 
^appearances of the lines by which the annual layers are separated ; 
'which is also frequently the case with the trees of our present 

IVhat constitute the lower part of the supermedial rocks? 

What animals are found in the lower members of this series of rocks 7 

What class of rocks constitute the saliferous system 7 

What vegetable organic remains are found among the lias and the <0011- 
tic group 7 ♦ 

wnat classes do the fossil trees of this group belmg 7* 

* See Enryclopmdia Mefrop. — Mixed Sciences, yol. iv^ p. G0& 
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tropical regions. It is therefore possible, that at tke epochs of these 
formations, the cAianges of season, as to temperature, at least, 
were not abrupt.*'* Hence it may he concludeo, that the climate 
of these latitudes^which resembled that of tropical countries when 
^ the vegetables fMning the coal strata flourished, had become 
* more temperate and variable during the growth of the plants im- 
bedded in the liasic fq^mations. 

59. Bat the groups now under consideration ai*e most remarka- 
ble on account of tneir animal fossils, which are numerous and 
interesj^ing. In- the lias the crinoid radiaria again make their ap- 
pearance. ^ 



'Fhe Briarean pentacrinite is one of those animals the remains 
of which are most common in England. The preceding figure 
exhibits part of the vertebral coluiyn, and articulated processes 
connectea with it. These fossilized animals were akin to the 
encrinites, from which they are characteristically distinguished 
by the shape of the bones composing the spinal columns. In the 
encrinites they are circular disks, as^may be perceived by turning 
to the fi^re, p. 411, in which several of these bones are shown 
imbedded in mountain limestone. The bones of the pentacrinite 

What inference has been drawn from an inspection of fossil vegetables ? 

What changes of climate, in tho tcrap«>rate aimes, appears to have taken 
plac'o during the period from tlie deposition of the coal strata to tiiatof the 
lias groups f * 

For what clfiss oT fbosils aro these groups most remarkable ? 


* Illustrations of Fossil Vegetables, p. 58. 
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are pentangular# Multitudes of them are found detached in the 
formations of the liasic and oolitic groims, and in the higher 
strata; from their ngure they have been 
named astfmit9 or star-stones; and they 
are so often met with at Lassiggton hill, 
near Gloucester, England, that th^ have 
obtained the provinci^ appellation of ** Las- 
sington stones.’* 

^ 60. The pentacrinite is one of those fos- 
sil animals, of which there-are probe^bly liv- 
ing analogtSBS. The marginal ngure reprc;- 
seiits the upper portion of a radiated animal, 
described by M. Guettard, from a specimen 
obtained at«j^arliuique.* A pentacrinus, 
differing from the preceding, is also said to 
have been recently discovered in thoAVest 
Indies; and a smaller species more lately in 
rtie cove of Cork.f 

« 61. But among the singular organic rc- 
ntains derived from animals which occur in 
these groups, the gigantic and monstrous 
lacertas deserve particular notice. Some of 
these inhabited the waters ; and others flit- 
ted through the air like birds, or rather bate. 

02. The ichthyosaurus, so called from its partly resembling a 
fish and partly a lizard,^ had a head like the latter, terminating 
anteriorly in a long pointed muzzle, armed with numerous coni- 
cal teeth. It had a long tail, capable of extensive vibratory 
motion; and its extremities were furrflshed with^paddles of a 
peculiar construction, (see subsequent figure of the plesiosaurus.) 

63. The succeedin^f figure represents a part or the head 
the Ichthyosaurus laiifrons. The socket of the eye measures 
about 9 inchel across, whence an idea may be formed of the%nor- 
mous size of the animal to which this head belonged. The 
Ichthyosaurus communis sometimes exceeded 20 feet in length ; 
the 7. platyodon appears to have had jaws 8 feet in length ; and 
the /. tmmants was a gfigantic species of which several bones 
belonging to the different parts of the skeleton have been pre- 
served by British geologists. 

In what respects do the pentocrinitea of this series differ from the on- 
erinites of the lower groups of rocks? 

By what local name has this fossil been disiingiiished in England ? 

What were the peculiarities of form in the fish lizard 7 

What was the size of its eye 7 


• 

* V. M^m. de TAcad. des Sciences de Pann. 1755. 

t BakewelKs Introd. to Geology — Prelim. Obs., p. 35. Mr.liakewell has 
riven a representation of the latter pentacrinus, from a orating by Mr. J 
Thompson, of Cork. 

t From the Greek IXOvf, « fish, and Tappof, a lizard. 
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G4. The plesioBRnri corfstitRfed another genus of these strange 
swimming lizards, its limbs have analogies with those of the 
foregoing animal : hut more elonmted and flexible. What, how- 
ever, especially distinguishes it uomall oviparous and viviparous 
<|nadnipefl8, is a slender neck, as long as'^ its body, composed of 
thirty or more vertebra:. An Idea of it^ngeneral form may be 
obtained from the following figure, representing the Fleaiosaurus 
dulichodeirua^ 



If any thing,^^ observes Cuvier, could justify those hydras and 
other monsters, the flgures of which are so often presented in the 
nionumeiits of the middle ages, if would incontestably be this 
plesiosaurus.”* 

t>r>. A more grotesque and monstrous animal than either of the 


What c-irniniiitatire diatingiiishea the plesiosaurus from all the known 
quydru|iec!s f * 


* Theory oT the Rarth. p. 257. For descriptions and flffures of various 
spertes of ichthytwniiri and plesiosauri, see Cuvier R^cnerches sur lea 
OHsoiuons Fossiles. tom. v. pt. ii. 
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preceding, is exhibited in the annexed figure of the fossil skeleton 

of a pterodactyle, «r flying lizard* 
These fossils are not very common : 
they are found in the limestone slates 
of the liasic group, at Sol^ihofen, in 
Germany ; at Stonesfield, in Oxford- 
shire, and at L^me llegis, in Dorset- 
shire* One species was about the size 
of a thrush, another of that of a com- 
mon bat ; and the remains have been discovered of some of 
larger dimensions.* • 


(id. The wealden group is not loss remarkable than the pre- 
ceding, for its fossil remains. Ansong those of vegetable origin 
may be mentioned the silicified igiink# of coniferous trees, and 
plants allied to the recent genera er/cru, and znmm^ which have 
been found in a stratum called the dirf^hedy in the Isle of Po'*tland. 


Many of the steins are still erect, as if petrified while growing 
undisturbed in their nfitive forcst.f 

67. But the aniinsj fossils discovered by Mr. Mantell among 
the strata of 'J'ilgate forest, in the wenld of Sussex, are more 
curious atid interesting. Besides relies of enistaceous and testa- 


ceous animals and fishes, he has been enabled to recognise those 
of immense saurian reptiles, some of which were before unknown* 


To one of these animals he gave the appvllation of igtiauodon, 
from its afhnity to the iguana. From the form of its teeth it ap- 
pears to have been herbiv(»rous ; and a comparison of its bones 
with those of the recent iguana, led to the conclusion, that it 


must have been fourteen times as large, or not less than 70 feet in 
length. X • 

68. In the summer of 1832, workmen employea in quarrying 
the Tilgate grit, found a hard block, in which were embedded^ 
number of fossil bones. These being examined by Mr. Mantell, 
were asc*.ertAned to have belonged to a new saurian aaiinal, 
which he described in a paper read before the Geological Society, 
and afterwards published. He gave to this creature the name of 
Jft^laeosnurusy or wealden lizard* It must have been from 20 to 30 
feet in length, and appears tq have resembled the recent Iguana 
eornutay in being armed with a horn on the forehead, and a row 


In what localitio* has the pterodactyle been found T 
What was the size of this ani nal ? 

What are some of the vegetable fossils of the wealden aroiip of rocks 7 

To what geologist do we owe the discovery of animal fossils in that 
group 7 • 

Wiiat important additions have been made to the list of saurian animala 
by Mantell 7 

• 

* V. Cuvier R^cherches, u. a. m ^ 

t Mantell's Geology of the South-East of England, chap. li. 
i Idem, pp. 304 — 316. 
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of spines along the back : it had an immensely long tail, and its 
body was covered scales ; whence it has been proposed to 
call it Ilylieosaurus armatus^* 

09. In the formation of the cretaceous group are abundance of 
organic ret .ains of vegetables and animals. Besides numerous 
shells, and relics of radiated animals, molluscs, and Crustacea, 
there are in these strata some curious zoophytes. Among the fos- 
sils that may be regarded as characteristic of thi's group, may be 
mentioned, alcyonites, echinites, ammonites, and belemnites. 

70. The marginal figure repre- 
sents a fig-formed alcyonite, of a 
dark red colour, where the sur facia 
*is not concealed by its cortical 
foat, which is gray, pervaded by 
a slight tinge of red. “ The 
pedicle and the opening at the 
superior par^are here very perfect. 
Slight traces of lines, passing from 
the pedicle, ^o the opening, are 
discoverable in this specimen, and 
doubtless point out the arrange- 
ment of fibres by which the animal was enabled to draw in and 
eject the water which supplied it w’ith food.”t ‘‘ The recent ani- 
mal, according to Count Marsigli, 
is of the form of a fig, being at- 
tached to the rocks by branches 
proceeding from its smaller end; its 
upper part being a little flattened, 
with a hole in the centre. Its 
colour resembles that of tobacco ; 
and its parenchymatous substance, 
he thinks, cannot be compared to 
any thing better than to nut-galls, 
when well dried.” 

71. An echinite from the Kent- 
ish chalk pits, with one of its 
spines, is exhibited in the annexed 
figure. Various species of the genera eehtnua and cidaria are 
found fossilized in Wiltshire, and other southern counties of Eng 
land, where the black flint most abounds. These animals, some- 
limes called sea-eggs, are common iir a recent state. 

What v^ficty of organic remains has been discovered in the cretaceous 





at is the structure of the fig alcyonite f 
What is the ap|)caranco of the recent specimen of this zoophyte? 


See O^lc^ of the South-East of England, pp. 31fi— 328. 
t Purkinson's Organic Remains, vol. ii. pp. 96, 97. 
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The accompanyinfr figure is a reprcsentfition of the Plagiostoma 
dumomm^ found by ]\Ir. T* A. Conrad^ in a bluff of nurntnulite 
limestone, at St. Stephens, on the Tombcckbe, Alabama. It was 
taken from near low water mark, where the bluff was 100 feet 
high, composed tliroughout of different classes of shells, connected 
together by the liinc.’^ • 

The AntliJophyllu%% aflanltcum^ de- 
scribed by Dr. Morton, in the Journal 
of the Academy of Natural Scic/flces ' 
of Philadelphia, is represent^ in the 
annexed figure. It is a speci«% of fos- 
sil polypus, found abundantly in the 
limestone of Gloucester county. New 
Jersey. 

72. Two genera of saurian reptiles 
in the fossil state occur in the creta- 
ceous rocks. These consist of a 
species of crocodile, found ^t Meudon, in France; and the Moso- 
saurus« remains of which were first discovered in the quarries of 8t. 
Peter’s mountain, near Maestricht; and since near Lewes, in Sus- 
sex. This creature appears to have been nearly 24 feet»in length.* 

I>e8cribe the fossil polypus fpund in the American cretaceous group ? 

Where was the mososaurus first discovered ? • • 


* See Morton*8 Organic Remains, p. 60. % • 

t See Mantelfs Geology of the wuth-£ast of Eoglandr pp* 146—152 ; 
and Cuvier R4cherches, tom* v. pt 4. 

2n2 



ORYCTOLOOY. 


^26 



The precedinn^ fiffure exhibits a representation of a fragment ol 
the lower jaw of this saurian mpnater, preserved in the British 
Museum. 

73. The fossil remains of fhe unparalleled saurian animal, 
described by Dr. Harlan, imde|[4he name of basiloaaurus^ were 
first made known by Judge Bree, who transmitted to Philadelphia 
a vertd»ra, ibiiiid in the marly banks of the Washita river, in 
Arkansas territory, taken from a skeleton said to be 150 feet long. 
In the course of the year 1835, there have been* obtained from a lime* 
atone rock, 30 miles north-west of Claiborne, Alabama, several bones 
of the same extinct race."** The skeleton w^as, at the early settle- 
ment of that state, exposed to view on the surface of the rock, for 
much more than 100 feet in length. These bones have been 
entirely converted into limestone, not a particle of animal matter 
remaining ; for when tested with muriatic acid the whole substance 
is dissolved, and nothing but muriate of lime is obtained. 

Tertiary JRocks, 

74. In the formations aboVe the chalk, the organic remains in 
crease in number and variety ; though many fossils found in the 
lo^r series no longer occur. Only a few of the most remarkable 
can be noticed here. Extensive catalogues of shells, distinguish- 
ing tbctv localities, their living analogues where they' are known, 
and the relative ages of the deposits in which .they are found, have 
been published by M. Deshay es and Mr. Lyell.f The Ctrithium 
f^i^anteum^ which is remarkable for its size, is found in the Lon- 
don and Paris basins. 

75. The most extraordinary shell of this genus {Cerithium) is 
r. gi^anteum. It is turreted, extremely long, and transversely 
striated: the turns in their upper part are tuhecular, and the 

Whore the hfisilcHuiurne 7 

What is supposed to have been the length of the latter animal 7 

What cire imstonces distinguish the Cerithium giganieumf 

^ For a full account of these tbesils see the first volume of the Transac- 
tions of the Cvcologic&l Siieiety of Pennsylvania, p. 348. For the accuracy 
of th«x.dcwrription nnci of the drawing of Mr. R. C. Taylor accompanying 
them, we can frMy avouch, having seen the bones at the time of their re- 
ception. — E d. • 

T Deshiiyes Description des Coqnilles caract4ristiques des Terrains 
Paris, 1831. Lyell's Principles of Geology, vol. iii. 8vo. lit edit. 
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cqjumella has mn^ fold. These enormous shells are generally a 
foot in length. One of the specimens which I^possess, and which 
has lost at least an inch or two of its length, still measures 14 
inches. They are found at Grignon, and are not very rare : they 
are, however, in general, very much injured ; very s^dom indeed 
having the lip ana sides open and perfect. Their form is that of 
a winding turriculated pyramid, with, in general, twenty turns, 
beset on their lipper part with a row of nodular tubercles, aiuli 
having the general surface lightly and transversely striated. The 
opening is oblong and oblique, and terminates in the lowgr part in 
a canal, the extremity of whiclwis moderately recurved ; and the 
superior part, instead of forming a canal, is laterally extended, in 
the maiftier of an ear-like processt There is only one fold on the 
columella. This is, undoubtedly tlig largest unilocular univalve 
shell that is known.”** 

7G. During the long period of the deposition of the tertiary for- 
mations, quadrupeds existed ; several of which, now extinct, dis- 
play peculiarities of* form and structure. To the researches of 
Cuvier we are indebted for the discovery of the genera of the 
'palaButheria^ lophiodofita^ anoplotfieria^ anihracotheria^ chusropotami^ 
and addpism 

The marginal figure represents a 
lower jaw of tlie Palacotherium 
maximum^o{ Cuvier. 

77. **The palwotheria must 
have resembled the tapirs, among 
recent animals, in their genersu 
form, and in that of the head, par- 
ticularly in the shortness of the bones^if the nose,jvhich announces 
that they must have had a small proboscis lilTe the tapirs, and 
lastly, in their having six incisors and two canine teeth injuach 
jaw; but they resembled the rhinoceros in their grinders, (of 
which ihQ3e of the upper jaw were square, with prominent ridges 
of various configuration, and those of the lower jaw in the form of 
double crescents,) as well as in their feet; all of wiiich were 
divided into three toes, while in the tapirs tlio fore feet have four. 
It is one of the most extensively-dilTused genera, and most 
numerous species that occur in the deposits of this period. The 
bones of these extinct quadrupeds are found in the gjrpsum quar- 
ries of Paris, and in other parts of France. 

78. Among the fossils of\he British Museum are the lower Jaws 

What classes of quadrupeds have been discovered by Cuvier in the ter- 
tioty strata ? . ^ . 

To what class of recent animals has the paliBOtheriam been assimilated ? 

In what respects did it resemble the tapirs? 

In what localities has the pfflieotherium been obtained^? 


* Parkinson’s Organic Remains, vol. iii. p. 71. ' * 

t Cuvier’s Theory of the Earth, p. 266. See also R^cherches, tom. iii. 
and tom. v. pt. ii 
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of different species of deinotheria^ part of an upper jaw, and de 
tached teeth ; from ISppelsheimt in Germany. 



The above exhibits a lower jaw of the Deinoihtrium 

gtganteum^ some of the teeth of which are wanting ; but in which 
is seen one of the very singularly^formed tusks, or weapons with 
which nature had armed this quadruped. 

i 

Alluvlul Deposits and Bone Caverns* 

79. The remains of 8ev< ral animals no longer in existence, 
mingled with those of living species, occur in the relatively recent 
formations. Among these, ihe Mastodon ohioticus has attracted 
particular attention. The earliest notice that occurs of this animal 
^ 18 in a letter from Dr. Mather, of Boston, to Dr. Woodward 
and'in 1740, relics of the mastodon were found in Kentucky, on 
the bai^s of the Ohio* Immense quantities of its bones have 
since been discovered in America. Tlic marginal figure is a 

representation of a lower 
mw of the 3f, ohioticus^ 
It measures about three 
feet along the base. 

80. Cuvier says, the 
great mastodon was as 
high in proportion as the 
elephant, with equally 
]ongtusk8,and had grind- 
ers covered with bristling 
points, which made them 
long be considered as 

ist constitii;^ a distinguishing peculiarity of the deinotherium ? 
what class efqaadrupods did the Mastodon ohioticus, belong? 



What 
To 


** See Philos. Trans., abridged by Jones, vol. v. pt ii. p. 159. 
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those of a cariflvorous animal. Its bones were extremely large 
and solid. Its hoofs and stomach are said to^liave been found in 
such a state of preservation as to be recognisable ; and it is as- 
serted, that the stomach was filled with bruised hranchf's of trees. 
The Indians imagine that the whole race was destroyed by the 
gods to prevent them from destroying the human species. I'his 
seems to bo a proof that the mastodon was extinct before America 
was inhabited by man; or else the Indians could not have mis- 
taken this phytovorous quadruped for a beast of prey.* 

81. The fossil elephant, called by the Kiissidns the mj^mmoth, 

was another of the ancient pachyderniata, thousands of the car- 
cases oLwhich were dispersed over the surface of the earth, from 
Spain 4Rihe shores of Siberia, and throughout North America. It 
was one of this speciesjthat wasTeunc^Itt the beginning of the pre- 
sent century, at the mouth of the river Lena, nrescrved in ice, 
and of which the skelerton was removed to St. Petersburg? This 
animal differed from the modern elephants, in having a thick coat 
of long hair on its body : it was more than 9 feet high, and 16 in 
length, t • ^ 

82. To this period nas been assigned the Mefralonyx jefferaonii^ 
a quadruped whose bones have been found in the western part of 
Virginia, in a cave in the county of Green Briar, three feet be- 
neath the surface of the ground, and also in Big Bone cave on the 
line dividing White and Warren counties, Tennessee.^: This crea- 
ture, from us teeth and claws, appears to have resembled the 
sloth and anteaters ; but in size it must have e^iuaUed the largest 
oxen. 

83. The megatherium, the relics of^which have been discovered 
in South America, exhibits an union of the chargeteri sties of the 
armadillos and the sloths, with the magnitude of the rhinoceros. 
Its claws must have been of a monstrous length, and prodigio;x;ly 
strong; an^ its whole frame displays excessive solidity. A ske- 
leton of this animal, found at Beiinos Ayres, was sent to4VIadrid 
in 1789 ; and one more recently discovered in Paraguay, was con- 


What Buperatition have the Indians in regard to the ninstoilon? 

* Wliat light does their belief throw upon the period when the niamiBoth 
became extinct? 

What peculiarity distinguished the fossil elephant from the existing 
species f 

Where are the fossil specimens to be found ? 

In what localities has the megaloiiyx been discovered ? 

Where did the megatherium exist f 


* V. Rccherches sur les Oss. Foss., tom. i. and tom. iii. 
f See Mr. Brande’s Journal of Science, vol. viii. p. 96 ; and Cuvier Rc- 
cherches, tom. i., iii. The soft parts of this animal had been so completely 
protected from decomposition, diiring a long sqrios of ag«%, by the frozen 
matter in which it was enveloped, that the flesh wq^ deTbured by bears 
and other beasts of prey, aAer its release from its icy sepulchre. 

t See Dr. Troost’s Paper in the Transactions of the Geol. Soc. of Penm 
•ylvania, vol. i. p. 236 .— £d. 
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▼eyed to England by Mr. Woodbine Parish, and {presented to the 
Royal College of Snrgeons, in London.* 

84 . Contemporary with these and other animals, the genera of 
which are become extinct, were hyenas, bears, tigers, wolves, 
and other b^sts of prey, differing only in species from those now 
existing. At this epoch, remarks Cuvier, the class of carnivora 
was numerous and powerful.'* The palaeotheria, and other mam- 
malia and reptiles of the tertiary period, having been destroyed by 
some convulsions of nature, were replaced by a brute population 
of a different character, and these in their turn were extirpated by 
an overwhelming catastrophe, which must have preceded the ori- 
gin of the human race. 

85 . The bone caverns, with their contents, and tbdSleseous 
breccia found in other situ'xtiopc, present phenomena connected 
chiefly with the geological formations posterior to those of the 
tertiary period. Caves containing the bones Of hears and other ani- 
mals have been long since noticed in Germany. The most anciently 
celebrated is Uaiinianshole, in the county of Uiankenberg, described 
by many authors, especially by Leibnitz, in his Protogsea.’’ It 
is formed of several caverns, containing abundance of stalactites 
and the bones of animals, principally bears. The caves of (laylen- 
reuth, ill Franconia, and Adelsberg, in Carniola, have also attracted 
much atlGulioii ; and there are many others, but it does not appear 
that among the bones found in them there were any of animals be- 
longing to the lost genera.t 

80 . In Knglntid several bone caverns have been observed ; as 
that of Kirkdnle, in Yorkshire, discovered in and examined 

a few iiionihs afterwards hy Professor Huckland. The floor of 
this cave was formed of arghiaceous and slightly micaceous loam, 
mixed with mucYi calcareous matter, and coated with stalagmite ; 
biMmath which were buried bones and teeth of the hyena, tiger, 
bear, wolf, fox, weasel, elephant, rhinoceros, hippopotamus, 
horse, h^ire, rabbit, water-rat, and mouse ; raven, pigeon, lark, a 
small kind of duck, and a bird about the size of a thrush. Prom 
the manner in which these relics were dispersed over the bottom 
of the cavern under the mud deposit, and the great preponderance 
of hyenas* teeth among the bony fragments. Dr. Ifuckland con- 
cluded that this place had been a den of hyenas, at a remote period, 

Wlint Kcnom of cxintinfc qundruiMKls were found at the period when the 
tertiary rocks were clepoaiiod 1 

How near is man placed, in the succession of races, to those of the ter- 
tia|y lieriocl ? 

To what Kpological period do the bone caverns belong? 

In what country were they first observed f 

What particular animal is found iti the German hone caves ? x 

What variety of liunes were (bund in the Kirkdale cavern? 

* For an accoc .tl of the megalonyx and moga thorium, see Cuvier R4- 
cberches. lom. v.*pt ?. 

t See Prof. Jameson’s Geological Ilhistrations of Cuvier’s Theory of the 
Earth. Note on Caves containing Bones of Garni voioiis Animals* 
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when liters, elephants, and hippopotami, were atnongr the brute 
population of that part of the surface of the globe ; that the 
hyenas had brought in the bones of other animals which they 
made their prey ; and that this state of things was suddenly ter- 
minated by an irruption of a diluvial torrent, whic|^ buried the 
drowned and previously destroyed animals in an envelope of 
mud.* , ^ 

87. There ails also ossiferous caverns in France, which have 
excited particular attention on account of the occurrence of human 
bones in them, together with those of other animals. In the ca- 
vern of Dize, in the department ef Aude, M. Marcel de Sbrres met 
with a small niitiiher of human bones, mixed with those of extinct 
animal# and with land-shells, ii# a calcareous, ston^ mass, cc- 
menUid by stalagmite.^ M. Totrsnalalso found in tins mass and 
the black mud above it, human teeth, and the fragments of rude 
pottery, f • 

88. In caverns in tertiary limestone, at Poudres and Souvenargues, 
in the department of^Herault, and in a cavern near Miallet, in the 
department of GartVJiumaii bones and coarse pottery hsgre been 
discovered, mingled with the relics of lost animals.:^ These phe- 
nomena gave rise to a controversy as to the probability of man 
having been contemporary with the brutes with whose remains 
his own are now intermixed. AfLer noticing the arguments on 
both sides, Mr. Lyell observes, that *^av many of these caverns 
may have served in succession as temples and habitations, as c 
places of sepulture, concealment, or defence, it is easy to conceive 
that human bones, and those of other animals in osseous breccias 
of much older date, may have been swept away together by inun- 
dations, and then buried in one proiflisciious heap. It is not on 
the evidence of such intermixtures that we ought readily to admit 
either the high anti(|uity of the human race, or the recenM^ of 
certain los^ species of quadrupeds.’*^ 

89. Osseous breccias are not conhned to caverns. Th#y occur 
frequently in places on the northern shores of the Mediterranean 
and its islands. At Cagliari, Sardinia, such breccia is found in the 
clefts and small caverns of a tertiary rock, about 150 feet above 
the level of the sea. Dr. Christie describes such a deposit at San'*’ 
Giro, near Palermo, as not being confined to the cave itself, but as 
forming part of the external talus, resting upon the upper tertiary 

Whnt circumstfince gives pv/rticiilar interest to the bone caves of France t 
Whnt qiiestion has oecn raised respec^ting the relative times at which 
the sevenil kinds of bones were deposited 7 

What inference has Lyell formed respecting this subject I 
In what situations are bone breccias found T 


* See Buckland Reliquis Diluviams. 

tM.de Serres Geogiiosie des Terrains Tertiaires ou Tableau dee 
PrinciiMiiix Animaux iiivertebr^ dee Terraiilb mariniwsitiiires au Midi 
de la rrance. 1829. • • 

t Bulletin do la Soci^t6 G^olo^iqne de France, tom. ii. 
i Principles of Geology, vol. in. p. 165. 
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beds, with a tliiekness of about 20 feet. The bones were those 
of the elephant, hipnopotamus, deer, and of the dog. At Gibraltar 
have been observed breccias, formed by the bones of small animals, 
which seem to have been thrown dow'n from the nests of hawks, 
^which build in fissures of the rock. They are cemented together 
^with fragments of decomposing limestone by ferruginous matter. 
In New South Wales, osseous breccias have been found, including 
the bones of animals now known to exist in that country. 

90. When the bones of elephants and other large quadrupeds were 
found imbedded in Jthe earth in the middle ages, it was conceived by 
the credulous naturalists of that time that these were human relics. 
Ill 1577, Felix Plater, professor of anatomy at Basle, described seve- 
ral fossil bones of the elephant,, found at Lucerne, as these of a 
giant at least 19 feet high. ^ 8on)a immense bones having been 
discovered in 1G13, near the castle of Chaumont,in France, a sur- 
geon of, Ileaii repairs, named Mazurier, procured them, and made 
a public and no doubt a profitable exhibition of them, as the re- 
mains of a gigantic king of the ancient Guuls, pretending that 
they had been inclosed in a sepulchre 30 feet in length, bearing 
the insoription, Teutobocuus Rex.*’ The bones, however, 
were those of an elephant. 

91. At a subsequent period, Scheuchzer, a Swiss philosopher, 
brought forward an example of a skeleton of more moderate dimen- 
sions, imbedded in hard stone, which he represented as the 
undoubted relics of a human antediluvian. He published an 
abridged account of this wonderful fossil, in the Philosophical 
Transactions, 1720 ; and he made it the subject of a distinct trea- 
tise, entitled ** JJomo teatia DiluvUy (luvier, at length, ascer- 
tained that this alleged anthr«qiolito (the nature of which had been 
ipiestioned by Camper and others) was a petrified lizard, a large 
extiiiclajpccies of sahuiiander.* 

9^. There is, however, at the British Museum, in London, a 
genuine^ anthropolite, from Guadeloupe, in the West Ijidies. It 
consists of a considerable portion of the skeleton of a woman (the 
spine, pelvis, several ribs, one arm, the leg and thigh bones) im- 
bedded ill a block of calcareous stone. The stone is a kind of 
••travertin, formed of land-shells, slate, and fragments of shells and 
corals from the sea ; which, like rocks of a similar composition 
found elsewhere, has acquired a great degree of hardness. It is 
consequently a recent petrifaction in an alluvial formation.! 
Other skeletons, probably those of Cai’aibs, are contained in the 
same calcareous rock ; and one, with a portion of the head re- 
maining, is preserved in the Museum of Natural History at Paris. 

What was Ibrmorly thought of tho bones found in caverns by the early 
naturalists 7 

What impositions were practised upon the credulity of that age 7 

What did Cuvier find to bo the true character of SAeuchzer's supposed 
anthropolite 7 Ir what fori..ation have true human skeletons been wmd 7 

* Bertrand Lett, sur les Rev. da Globe, lett iz. xvt. 

t Jameson's Illiistr. of Cuvier, pp. 405-^10. 
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93. In the eowrse of geological inquiries in the United States^ 

abundant evidence has already been furnish^ that the organic 
remains imbedded in the rocky strata of America, are on a scale, 
both in point of abundance and magnitude, corresponding with 
the gninpeurof her natural scenery— >her mountains, Iq^tes, rivers, 
forests, and prairies. We need not mention more than the Mega^ 
ionyx the gigantic moMtodom^ the fpegaiherium of Cuvier, 

and the bcuilottadrus of Dr. Harlan, to make apparent the justness 
of the preceding remark. 

94. The eastern part of the United States being a primordim 
region, affords comparatively few organic remains ; but {he mid« 
die, southern, and >vc8tern states, both east and west of the Mis- 
sissippi, are characterized by vastviumbers of shells, bones, casta 
of mollusci, trees, and plants, inoludiag multitudes not known to 
exist at present in any part of the continent. The cretaceous 
group, in particular, hq^ afforded already a rich harvest to the 
labours of American oryctologists, and as other parts of the geolo* 
gical series become hAter known, there cannot be a doubt that the 
more ancient inhabitonts of the planet will bo found in America, 
in as great abundance*a8 in any other region of the earth hitherto 
explored. 

95. The group just mentioned has been traced through New 

Jersey, Delaware, Maryland, Virginia, North Carolina, South 
f'arolina, l«eorgia, Alabama, Mississippi,* Tennessee, Louisiana, 
Arkansas, and Missouri.* ‘‘In fact,” says Dr. Morton, **8 great 
part of the level country between the Rocky mountains ana the 
Mississippi, is occupied by this formation ; and I have also seen 
some fossils from thence which bear a strong affinity to those of the 
lias of Europe.” * ^ 

96. The evidence of identity in the strata thus. observed, at points 
scattered over a space more than three thousand miles in Incipnt, 
rests not oqly on the general resemblance of the mineral sub- 
stances composing the strata, hut more especially on the generic 
and specific accordances in the fossil shells, which are found in 
every part of this vast extent of country. ^^Thus,** says the 
author just cited, the Amnwniiea placenta^ Bacculites ovaiu$^ 
Gryphma vomer ^ Gryphsen mutabitis^ Ostrsea falcata^ &c., are found, 
without a shadow of difference, from New Jersey to Louisiana.** 

97. To the study of this and various other strata containing organic 
remains, the geologists of America are now applying themselves 
with an sCfdour which has derived fresh impulses from every new 
reward of their labours. The hope of being able to decide, by this 
kind of observation and comparison of animal reroaiim, the great 
question in regpird to the relative time of deposition oi the several 

What ia the relative importance of American ibaaila when compared 
with those of other countries ? ^ 21 * 

In what part of the United States do the primordial amta prevail f 

What is the extent of the cretaceous group of Nonh America ? 

See Morton*a Organic Remaina, ^ 

2 0 
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rocky stratay is with them much enhanced by a civciirostance early 
noticed by Williavi Maclure, Ksq.,* who has, with justice, been 
denominated the father of American geology. His extensive 
travels, on both the Kuropean and the American sides of the At- 
lantic, had, enabled him to compare ** the vast confusion and intri- 
cacy of the stratification of the old continent, by which different 
classes of rocks are rqixed and thrown out of their natural posi- 
tions, with the fortunate regularity of the geology*bf our continent, 
and the ease with which the science may be studied, from the well 
defined boundaries which nature has given to the different classes 
of rocks running in the same direction from one end of the continent 
to the other; having the line of separation so distinct between the 
different rocks in the limits of each class, as to reduce to a certainty 
the place that each occupiai in«lihe naturs^l order.’* 

98. ^^This results from the fine opportunities afforded of examin- 
ing therlinn of separation at every junctinn, through a distance of 
twelve or fifteen hundred miles, by which means any observer can 
obtain a more accurate knowledge of geology in one year, in the 
United States, than he could in a long Hfe^ spent in travelling in 
any other part of the globe hitherto examiiied and described.j’” 

What chnractor in the American strata renders the study of their organic 
remains easier than Unit of Uie Kiiropenn ? 

By whom was this adviyiuige first pointed out? 


* President of the American Cxoological Society, and of the Academy of 
Natural Sciences of Philadelphia, 

t See Sillimnn’s American Journal of Science, vol. vii. p. 257. 
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JVorks in the Department of Oryfsiotogy, 

The interest of the subject, and the importance of possessing 
resources for comparison between the fossiliferoiis bedii of Europe 
and those of America, induce us to add here a rather greater nitin- 
tier than usual of works of reference, sonw of which it may not 
be easy to obtaiit without iniportinir them expressly from Europe. 
We have ourselves encouriti^red this difliculty, in endeavouring to 
procure several of the works named in the following list 

• 

Morton’s Synopsis of Organic Hemaius* 

Siniman’s American Journal of •Science, voL xxix., and many 
parts of the preceding volumes of the Same work. 

Transaciituis of the Geological Society of Pennsylvania. 

Lea’s Contributions to Geidogy. 

Harlan’s Medical affd Physical Researches. 1 vol. 8vo. Phila- 
ddjihia. 1835. 

Journal of the Academy of Natural Sciences of Philadelphia. 7 
vols., hitherto published. 

Dr. Jacob Green’s Monograph of North American Trilobites, 
with accompanying casts. 

Parkinson’s Oiitlim‘3 of Or^^ctology. 1 vol. 8vo. London. 1822. 

Sowerby’s Mineral Ooiichology. 2 vols.^Hvo. 1812. 

Alex. Brogniart’s I’ableau des Terrains uui compose I’ecorce du 
Globe. 

Transactions of the Geological Society of London. 5 vols. 4to. 

Deshay os, G. P. Description des Opquilles Fossiles des EnvL 
Tons de Paris. • 

Cuvier, G. Rc'cherches surles Ossemens Fossiles. 

Essai d’une Expose de la Fhire du Monde Primitive, par ^as- 
pard Comte 4 le Sternberg. I vol. fol. Loipsic and Prague. 1820. 

J. S. Milter’s Natural History of Uie Criiiuidea. 1 V(ft. 4to. 
Bristol, England. 1821. 

Vegeteaux Fossiles, par M. Adolphe Brogniart, Paris. 1822. 

Townsend on Fossils. 1 vol. 4to. Bath, England. 1813. 

Manteli’s (Seology of the South Eastern parts of England. 1 
vol. 4to. 

Witham’s Internal Structure of Fossil Vegetables. 1833. 
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1. Few (ubjects connected with natural philosophy are more 
generally interesting than that which is about to engage dur atten- 
tion. ^feteorology ina^ be considered as a science supplementary 
to geology ; and as the latter relates to the state and constitution 
of the terrestrial globe, so the former regards the composition of 
the atmosphere, and the investigation of the constant changes that 
are taking place in it. ** The nuaiity of the air, as affected by cold or 
heat, moisture or dryness, ana other circumstances, is distinguished 
by the term weather. The knowledge of the alterations of the 
weather, and of the laws by %!iich they are governed, is styled 
weathcrr-wisdoin, {die witterungslehre^) or meteorology. 

a. ‘^'riiis seienee is yet very Imperfect, and rei|uircs for its 
iniproveiiient numerous and extensive observations.*** Notwith- 
standing, however, the confessedly defective state of this branch of 
physical science, it is certainly one which ha^s occupied the atten- 
tion of mankind in various ages, and in several different parts of 
the world ; but it is only in our own times that it has been studied 
with the attention due to it, both in an economical and in a philo- 
sophical point of vmw. To tlie navigtitor, the traveller, the hus- 
bandman, and nuineroif^ other classes of persons, the state of the 
weather, and the anticipation of the probable changes that may 
occur in it, must ever be t(»pics of considerable interest and im- 
portanco; while the scientific inquirer will feel no less anxious to 
trace the laws by which iiicteoroiogical phenomena arc regulated, 
and tu study their connexion with those of astronomy and geology. 

.*1. One of the latest and most distinguished mete(»rological 
wrn^rs remarks, that ** man may almost with propriety be said to 
be a meteorologist by nature: he is naturally placed in such a 
state o.* diq»ciidance on the elements, that to watcR their vicis- 
situdes and anticipate their disturbances becomes a necessary 
portion of the labour to which ho is born. The daily tasks of the 
mariner, the shepherd, and the husbandman, are regulated by 
meteorological observations ; and the obligation of constant atten- 
tion to the changes of the weather, has endued the most illiterate 
of the species with a certain degree of prescience of some of its 
most capricious alterations. Nor in the more artificial forms of 
society does the subject lose any of its universality af interest: 
much of the tact of experience is blunted and lost; but artificial 
means, derived from science, supply, perhaps inadequately, the 
deficiency ; and the general influence is still felt and acknowledged, 


What ia meant by the term meteorology ? 

What is the ^^luil stalf of meteorology, compared with other branches 
of physical nci^eo ^ 

What is the vnliio of this science in a practical point of view f 


* Elomoiits of Natural Philosophy by Professor Vieth, (Germ.,) p. 408. 
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thoagh not so accurately appreciated* The generality of this in« 
terest is, indeed, so absolute, that the common furiii of salutation 
among many nations i^^ meteorological wish, and the first intro- 
duction, between stran^rs a meteorological observatjpn/^* 

4. Meteorology, in "its most extensive acceptation, has for its 
object no^ merely the observation of atmc^pherical phenomena, or 
of those occasidhal appearances styled ni^neors, to which the atten- 
tion of common observers has been generally limited, but it like- 
wise includes the raiionaU of terrestrial as weM as atmospherical 
phenomena, whether accidentai or permanent, which depend on 
the action of heat, electricity, magneliam, or light. Considered in 
this point of view, the subject wili ap]>ear to be of immense extent ; 
and It may hence be characterize^ as Ifie application of the laws of 
pyronomics, optics, aiiA eleclro-magnetisin, to the study of nature. 

5. To take any thing like a complete survey of the sotcnce in 
all its hearings, would not only require a much greater space than 
the plan of this workfwill allow, but would also render it necessary 
to repeat much tha^has been introduced elsewhere, in illustration 
of topics discussed id some of the preceding treatises, both in the 
former ^nd in the present volume. This essay on meteorology will, 
therefore, be confined to the investigation of the influence of 
moisture and temperature on the state of the atmosphere, and the 
explanation of the nature and causes of th^most important meteoro* 
logical phenomena, with references to such subjects as have under- 
gone previous discussion. 

G. The general properties of the atmosphere, as a permanently 
elastic fluid encompassing on all sides the solid globe of the 
earth, and indefinitely extended from fts surface, have oeen pointed 
out and illustrated in the treatise on Pneumatics. It has been stated, 
that at the height of fifty miles the air does not possess suflmient 
density to reflect the rays of light; and though it is not improbable 
that the atmosphere may exist at a still greater elevatioi% yet the 
speculations of Dr. Wollaston go far to prove that it must have 
certain limits, beyond which the ethereal medium must be of such 
extreme tenuity as to occasion no appreciable resistance to the 
volutions of the planets round the sun : for if they revolved in a' 
resisting medium like the air, the regularity and uniform extent 
of their orbits would be disturbed, contrary to what may be con- 
cluded from a comparison of astronomical observations made at 
difierenrVnd remote periods. f 

What evidence does the interGOuree of common life present of the 
general interest taken in the subiect of meteorology t • 

What range of innuiries is embraced by the science of meteorology f ^ 

In what relation docs it stand to the imponderable agents explained in 
other departments of science ?• 

What evidence is derived from astronomy m favoui^f the flniio extent 
of the atmosphere T ^ 

♦ Danieirs Meteorological Essays and Observations, Xd edit. 

t It should, however, be remarked, that the obserratioq|i of astronomeis 
during a period of even two thousand years, can allbrd no conclusive evi- 
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7« HThe peculiar temperaments of various organized beings 
qualify them respectively for the several situations th^ inhabit. 
The deepest abysses of the sea are probably destitute of^animated 
beings, but tke gigantic whale can descend to a vast depth beneath 
the surface of tbe ocean, though breathing the air like man, and 
consequently unable tor remain drorlved of it but foe a com- 
paratively short period ; and the polype lays the foundation of his 
coral cells on rockis often apparently far beneath the usual abodes 
of the iii.ny tribes. On the other hand, the condor dwells in the 
U|iper regions of the ais, and wingh his steady flight over the sum- 
mits of Finchincha or Chimborazo, which are among the loftiest 
peaks of the mighty Andes.* Ittflamed bodies would become ex- 
tinguished for want of air &t t>;£ height of about 20,000 yards 
above t|^e sea ; hydrogen gas would no longer deserve the name 
of itillammahle air at 25,000 yards ; and sulphur would be incom- 
bustible at 30,000 yards, if it was possible fqr it to be transported 
to such an elevation. 

8. 'I'he temperature of the atmosphere diminishes in proportion 
to the elevation above the level of the sea. The degree of tem- 
nernture, however, is further influenced by other causes, and should 
bo estimated with reO^reiice to the normal heat of plains, whence 
may bo deduced the direction of isothermal lines tor summer and 
winter;! depending more or less on the mass and configuration of 
mountains; the strata of clouds or vapours which may intercept 
the radiiilion of heat from plains below ; and likewise on the 
winds or currents of air passing horizontally from one zone to 
another of a diflerent lempervUirc. 4 : 


What exnniph*fi of Helf-udaptntion in exhibited hy fuih. animalfl, and men ? 
11(UV docB tlio lomprrnture uf the atmosphere vary f 


denco ofl the non-existence of a highly ntlenimted htit resiRtiQg medium, 
hcyotid the atnuispherea of tlie c'nrth and other tdan^ts. For though it 
may require n Inttse of niillions of ages before the orbits of these dense 
buclies can bo sensibly nllocted by the medium they traverse, yet lighter 
oodiea, such ns cornels are supposed to be, may iilferd indications that the 
celestial space is not nn ahsohile vacuum. See Treatise on Geoloffif, p. 316. 

* Wo have bt'on infiirmed by a gentleman who has spent several years 
In the Peruvian mining district, nhoiit 12^ south latitude, and at an eleva- 
tion of IG,000 feet alxive the level of the (K'can, that he has repeatedly 
scon the condor sailing high nlM>ve the loftiest of the snowy Cordilleras 
with no apimrent motion of the winp, and yet in an air so attenuated 
that, where himself was stationed, at tnousaiuls of feet below, the rarity of 
the atmosphfp'c rendered all eflort painful to those not long accustomed to 
the light inoUium there prevalent. But the native Indian miners exhibit 
nothing of the same inconvenience. — En. 

t These hax’e been also denominated isqtheral and isochoimal lines ; the 
ibrnaer signilyiqg linos of ^iial temperafure for the summer season, and 
the latter lines coequal v inter tem^mture. See Report of the British 
Association, 1832; pp 217, 218. 

I For observations on the extremes of heat and cold which have oc- 
mirred in dilierent regions, and relative to the mean tem^rature of the 
poles aitd llie eqiiatckr, see Scientific Class Book, pt. i., Pyrenosiu^ ppw 
288 — 285. And for an. account of the direction and extent of isotheriird 
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9. l^e ^vity of the air, and the continaal variations taking 
place in it, are amongr the most important causes of sevenu 
atmospheric phenomena. Abundance of facts demonstrate that 
the weigrht of a column of air, of any given diameter, is equal to 
that of a similar column of water 33 feet in height, or of a column 
of mercury SOipches high. Such is nearly the amount of the mean 
gravity of the atmosphere at the level of the sea.* Its relative 
gravitating force or pressure must of course decrease in ascending 
above the surface of the earth : but augmentations and diminutions 
of that force are observable at the same place, which must there* 
fore arise from circumstances independent of local elevation. 

10. These alterations of atmospheric pressure may probably 
have a considerable effect on thVanifhal creation. They are indi- 
cated by the rising or depression of a column of mercury, in- 
closed in a glass tube, forming the well-known instrument called 
a barometer. It ha% been computed, that the weight of air com- 
monly pressing on the surface of the body of a man of middle 
size, is about 30,000Ui8., hence a variation of height in the mercu- 
rial column of only a single line must indicate an alteration of 
atmospheric pressure to the extent of about 84lb8. 

11. The variations of pressure that have been observed are either 
periodical or occasionaL The horary variations are the most imports 
ant. From the observations of M. Rainond, it appeared that the 
barometer attained its maximum height at 9 a. m. and at 11 p. m. ; 
and its minimum at 4 a. m. and 4 p. m. These variations take place 
with greater regularity between the tropics than in the temperate 
zones ; and we team from the inve^i^tions of Humboldt, that 
near the equator the barometer attains a inaxtmem at 9 a. m. and 
p. M., and a minimum at 3 or 4 a. m. and p. m. so constantly, 
that, in almost all states of the air, the height of the baromete^will 
indicate the time of day. The causes of these horary oscillations 
are somewhat obscure ; though it appears probable tlfht they 
chiefly depend on temperature. 

12. The occasional variations of atmospheric pressure seem to 
be intimately connected with the direction of the wind. They are 
greatly influenced by latitude. ** At the equator they may be said 

How ifi the pressure of the air affected by the height to which we ascend 7 

How are variations of pressure in the air commonly ascertained 7 

To howTmany sons of variation is the pressure of the air subject 7 

Which of these deserve most atteiltion f 

At what hours of the day do the masima and minima of pressure occur 
in the tropical regions 7 * 

To w'hat purpose might the horary variation bo there applied 7 

zones, the mean temperatures of days, months, and season^ and the gxtreme 
temperatures of climates, see Poiiillet K14m. ds PhysiEn|e et de M^t^oro- 
logie, tom. ii. pp. 628—638 ; and Encyclop. Metrop.,«vo(» iv.. Meteorology. 

* The mean height of the barometer at Condon, for the year 1788, was 
29.96 inches ; for 1789, 29.79 in. ; and for 1790, 29.98 inches. Dr. Dalton's 
Meteorological Observations and Essays. 2d edit., 1634 i ffom PMlosoplu- 
eal Transactions. 
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to be almost reducftd to nothing ; for it rarelv happens that my 
change takes place to interfere with tlie regular course of the di- 
urnal tides. A hurricane creates almost the only exception. The 
amount of variability increases towards the poles, in a gr^at mea- 
sure owing, probably, to the irregularity of the winds beyond the 
tropics. The mean aiiir>unt of variation may be staged at the 
equator at two lines, in France at ten lines, in S6otland at fifteen 
lines, throughout the year ; but this quantity has its monthly os- 
cillatione.”* 


muds. 

• 

13. The atmosphere may«be •dnsidered.as consisting of a mul- 
titude of concentric strata, the density of which decreases in pro- 
portion^ to their height above the surface of the sea. While an 
equilibrium exists between the different parts of the aerial mass, 
it remains calm and tranquil ; but if the equilibrium be broken by 
any cause whatever, the mass becomes agitated, and that kind of 
iiiotion ill the air takes place which is termed wind. Among the 
general causes that destroy the equilibrium of the atmospheric 
strata, the most common are change of temperature or pressure, 
tides, and great current's of water, the rotatory motion of the earth, 
the hygrometric or the electric state of the air, and the action of 
the sun and the moon. There are others, the influence of which is 
less extensive, as earthquakes and the eruptions of volcanos. 

14. Alteration of temperature is, perhaps, the most usual as well 
as the most important cause pf aerial currents or winds. W’hen one 
portion of a mase of air becomes more heated than those parts by 
which it is surrounded, it is rarefied and rendered lighter than be- 
furt^ so that it ascends to a higher level, while the adjacent colder 
and denser air rushing in to supply its place, streams of air tend 
from aK points towards that where the partial vaeuiiiii has thus been 
formed. Professor Pouillet remarks, that winds may be propa- 
gated by impuktion and by aspiniiim^ W^'e designate thus the two 
opposite modes which ought to be carefully distinguished. W*ind 
is propagated by impulsion, when it blows towards a place in one 
direction, and its progressive march is in the same direction: thus 
it is with the wind that issues from a pair of bellows, when the 
included air is compressed. 

15. W*ind is propagated by aspiration, when the olast takes 
place in one direction, and the progressive march of the wind is 

What is tfio moan amount of variation in presaure in high and in low 
Ifitilude*. rofipeclivoly ? 

What are the chief causes which destroy the equilibrium of pressure 
in th^atrf * 

III what maraesr may wo conceive masses of air to be sot in motion by 
heal t « 

What distinction has been 'made by Pouillet in regard to the directions 
in which wi nd is prop agated ? 

* Forbes qn Meteorology — Report of Brit. Assoc, for 1832. p. 235. 
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in a contraiy dflrertion : this is what happens when the wind en- 
ters a pair of bellows in which the air is rai^ded ; for the blast 
rushes towards the nozzle, but the progressive inarch of the cur- 
rent is in an opposite direction ; for the most distant points whence 
the air is drawn last receive the impression. This letter mode is 
not so unusual as might be imagined, as will appear from the 
phenomena of l^urricanes. Wargentine has also made similar re- 
marks on the winds in the north of Europe. He says ; When the 
wind proceeds from the west it is felt at Moscow earlier than at 
Abo, though the latter city is about 400 leagues farther westward 
than Moscow ; and this wind dbes not reach Sweden till after it 
has blown over Finland.”* 

10. The manner in which wiii^s are produced by changes of 
temperature may be illastrated softie simple experiments. The 
production of a current by lowering the temperature of a portion of 
air may be exhibited by means of^he ap- 
paratus represented in the margin. Tie a piece 
of wet bladder over the mouth, C D, of the 
Isttle, F G O D, after having poured into it as 
much water as will half-ftll the neck when the 
bottle is inverted. Then take a large bladder, 
H K L I, and cut off the neck of it in such a 
manner as to leave a /considerable opening, I 
H ; and having made a hole in it at K L, the 
neck of the bottle is to be put through it, and 
the edges of the bladder must be tied fast round the bottle, so that 
no liquid may ^ass between the bladder and the bottle. Next 
throw a table-spoonful or two of common salt, and as much again 
of snow into the bladder, and upon the globular fart of the bottle, 
and stir them together with a stick or wooden spoon. The snow 
and salt will then begin to melt, absorbing the heat from thw bot- 
tle with which they are in contact, and from the air within it, 
which win thus become cooled down to such a degre^ that it 
would freeze the water in the neck of the bottle if it reached above 
the part at which the bladder is tied ; and as this might em« 
barrass the experiment, but a small quantity of water sliould be 

What evidence of the effect of aspiration is exhibited in the north of 
Europe ? — What in America f 

Illustrate this effect by experiment ? 


* Ponillet K]4m. de Phys. £xp4r. et de Met^orol. 2nde edit. 1832. tom. 
ii. pp 715, 716. 

The credit of having[ established the fact that winds blow earlier to- 
wards the spot at which the greatest disturbance of equilibrium takes 

E lace. at points near, than at others more remote ftnom that spot, is due to 
^r. Franklin — who remarked that, along the Atlantic epast of America, 
north-east storms begin in the south-west, and proceed vmsvind ward some- 
times at the rate of more than 100 miles pej^ hour. ^The observation was 
strikingly illustrated in the case of a solar eclipse being visible at Boston, 
white at Charleston, S C., the prevalence of a north-east storm prevented 
its being seeni.-»£n. • • . 
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introduced. Now the »ir within the bottle being condensed, and 
having its elasticity fveakened by the deprivation of heat, while the 
external air, which is not so cold, retains more expansive power, 
it will force its way into the bottle, and produce a current, on the 
bladder, C 1', being punctured with a large pin at E. The air 
will then be seen rising up in bubbles, with cr iisiderable velocity, 
through the water in tlie«neck of the bottle, till the equilibrium is 
restored between the external and the inclosed air: 

17. The converse of the preceding experiment may be performed 
by slightly varying the apparatus already described. Take a bottle 
encompassed with a bladder, as before, and leaving it open, turn it 
upside down, with the mouth upon a plate nr shallow dish, in which 
has been put a siinicient quantify of water to cut off the connexion 
between the air in the buttle^ and the external air. Then pour hot 
water upon the bottom of the bottle, and into the bladder surround- 
ing it. T'he heat thus applied will expand the air in the bottle, 
which will issue out in a current, through the water in the plate, 
producing a mimic wind, that may be felt on holding the hand 
near the place where the air escapes. 

IH. 'riu:se experimenls show the different modes of propagation 
of aerial currents which Poiiillet has indicated. The stream of air 
rising through the water into the first bottle, (in which a partial 
vacuum has been formed by reduction of temperature,) is obviously 
a current of aspiration ;”and that issuing front the second bottle, 
throtigh the expansion of the included air by heat, is a current of 
impulsion. Each of these methods of propagation of blasts of wind 
may doubtless be soiiietiines distinguished ; but it seems probable 
that winds in general should be regarded as the joint effect of ex- 
pansion and pressure in one part of the atmosphere, and condensa- 
tion ill another. This must obviously be the case, since but for 
the ^xlerior pressure, air would have no tendency to rush into the 
void created by condensation. 

l!h Some interesting “ Facts and Observations refating to the 
Winds, Waves, and other Phenomena, by which the Surface of 
the Sea is affected,'* were published by Captain Iforsburgh, in 
^•-Nieholaon*8 “Journal of Natural Philosophy,** which serve to 
show that a descending current of air may be propagated in 
various directions, lie says : 1 have several times, in calm 

weather, seen a cloud generate and diffuse a breeze on the surface 
of the sea, which spread in different directions from the place of 
descent. A remarKahle instance of* this occurred ik ivlalacca 
strait, during a calm day, when a fleet was in company : a breeze 
cornmeiiceii suddenly from a dense cloud ; its centre of action 
seemed to be in the middle of the fleet, which was much scattered. 
The breeze spread in every direction from a centre, and produced 

Ituw may thoV-*-;po(luotion of wind by increnso of temperature be illua- 
tmted 7 « ^ 

What concurrence of causes is Ibund wherever wind is produced f 

What evidence hue been adduced to prove that the descent of massea 
of air ixay produce n^diuting ciirrcnta of wind 7 
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a singular appearance in the fleet, for every ship hauled close to 
the wind as the breeze reached her, and, when it became general, 
exhibited to view the diflTerent ships sailing completely round a 
circle, although all hauled close to the wind.*** 

20. C,aptatn Horsburgh afterwards says ; ** It frequently happens 

during a in the China sea, that the waves run in every di- 

rection ; having the appearance of eleva^d mounts or pyramids, 
which infringe an each other with great violence. Ships are very 
liable to lose their rudders, when these pyramids strike agsiinst 
them ; and the masts are endangered by the quick, turbulent mo- 
tion proceeding from such heterogeneous impulse.*’ f He also 
states, that the swell of the sea caused by a storm may be pro- 
pagated with a greater mean velocity than the storm that causes 
It, and may therefore ayive on a^soa^t before it, or come after the 
storm has ceased. These phenomena he attributes to the inter- 
ference ^f contrary winds. • 

21. Winds may be distinguished as being either regular or 
variable. Among the former are the trade winds, between the 
tropics; the niorisooas, in the Arabian, Indian, and Chinese seas : 
anri the sea and land oreezes. 

22. dver the Atlantic and Pacific oceans, the trade winds blow- 
ing permanently westward, extend from 30® N. to 30® 8. latitude. 
When the sun is on the equator, the trade winds, in sailing north- 
ward, veer more and more from the east towards the north ; so 
that at their limit they become nearly Nk]. ; and on the contrary, 
in sailing southward, they become at last almost 8K. When the 
sun is near the Tropic of Cancer, the trade winds north of the 
equator become more nearly east thgn at other times, and those 
south of the equator more nearly south ; the eoiilrary phenomena 
are observed when the sun is near the Tropic of Capricorn. The 
trade wind becomes due east, not exactly upon the eqiiator^but 
about 4® N. j)f if. 

23. These iiitertropical winds are the effects of the diuftial ac- 
tion of the sun in raising the temperature of the atmosphere over 
those points of the earth's surface where its beams are vertical, com- 
bined with those arising from the earth’s motion on its axis. The' 
lower strata of the atmosphere, near the equator, becoming heated 
and rarefied by the sun, form ascending currents, spreading towards 
the poles ; while under currents, from the north and south pole 
respectiveij^t flow in to supply the partial vacuum caused by the 
condenaATTiJii of the air over the equatorial space. The polar cur- 
rents, which would otherwise meet and destroy each other at the 
equator or near it, are modified by the motion of the eaith ; for the 

What fieciiliar appearance arrompanieB the ty^ffmgoT the China Mat 

What great division of winds is Jbunded on the periods of their pre- 
valence ? • . * 

What is Ike nature and what are the diroctioas of theittaule winds? 

To what variations are they liable ? • • 

In what manner have the trade winds beefl explained ? 


Nicholaon^s Journal. 8vo. vol. zv. p. 11. 


t IdSlD, p. 12. 
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air which is constantly passing from points wherc^ the surface of 
the earth moves mc^t slowly* towards those where its velocity is 
greatest* cannot have exactly the same motion eastward with the 
part over which it is passing* and therefore must relatively to the 
surface beneath it form a current in an opposite direction.^ 

24. Thus* ** the two general masses of air proceeding from both 
hemispheres towards the equator* as they advance are constantly 
deflected more and more towards the east* on account of the 
earth’s rotation; that from the northern hemisphere, orginally 
a north wind* is m^eto veer more and more towards the east* and 
that from the southern hemispheie in like manner is made to veer 
from the south tot^ards the east: these two masses meeting about 
the equator* or in the torrid aone* their velocities north and south 
destroy each other* and they pipceed aft^wards with their com* 
mon velocity from east to west* round the torrid zone* excepting 
the irr/.teularities produced by the continents.”* 

25. Beyond the range of the trade winds* variable winds in 
general prevail ; though between the two there is a zone from 2 
to 6 degrees in breadth, subject to the occurrence of dead calms* 
or sudden and violent tempests* caused apparently by the con* 
fluence of ascending and descending currents* between which there 
may sometimes bo an equipoise* and at others rapid alternations 
of iiiflutnice. 

20. The monsoons are periodical winds* blowing about six 
months in one direction* and six months in a contrary direction. 
From 10^ to 23 ° 8. latitude* in the Indian ocean* the southern 
trade wind continues regularly from the east and south-east; but 
between 10^ S. and the equator, north-west winds prevail from 
October to Aprtf* and south-west the rest of the year ; while north 
of the equator* the wind is south-west in summer, and north-east 
in ^winter. These variations appear to be partly owing to the 
position of the sun* and partly to the directions of the great chains 
of mountains in the countries bordering on the seas* over which 
the monsoons prevail. 

27. Sea and land breezes are owing to the same grand cause 
■ ii'tbat produces the trade winds. In the daytime* when the reflec- 
tion of the sun’s rays from the surface of the earth has heated the 
superincumbent air* it rises; and on the seapcoast* currents of 
cooler and denser air flow in from above the sea* to replace the 
ascending mass. At night the converse process takes placo : the 

How do the north-easterly and the south-easterly trade winds ailbet each 
other at the equator f 

What states of the atmosphere prevail immediately north and south of 
the trade winds ? 

In what parts of the earth are these winds liable to sems-aiinttal changes f 

Tu what are the monsoons attributed f 

How are latter Knd setifhreezea etplained f 

What is the Ctostan wine* and where doM it prevail f 


* Dr. Dalton's tMetereological Observations and £amys, esmy 
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air over the land^’eing then the coolest, the night breeze sets sea- 
ward, in general extending two or three league from the shore* 

28. A diversitv of local winds has been observed in different 
parts of the worlcl, some of which have their peculiar designations* 
The eteaian is a northernly or north-easterly wind, wh^ph prevails 
yeiy much in summer all over Europe. Pliny the elder describes 
it as occurgng regularly in Italy for forty c^jiys after the summer 
solstice. It is pfobably a part of the great under current moving 
from the north pole to the equator. The siroccoi felt on the shores 
of the Mediterranean, is a hot blast from the south, prejudicial to 
the health of animals. Such alss is the harmattan, a warm, dry, 
f^st wind, which is perceived on the Guinea coast. The more 
deadly kamsin, which occurs in Egypt, and the simoom, or samyel 
of the Arabs, a destroyyig wind,«||vhish is said to have proved 
fatal to whole caravans in crossing the deserts, are supposed to 
owe thcdr properties to some pestilental vapours mixed with the 
air. 

29. Tempests, hurricanes, and tornados, are atmospheric com- 
motions of the more vielent kind, chiefly taking place in intertropical 
latitudes.^ The destructive effects and extraordinary force of these 
concussions of the air, may be conceived from the statement which 
has been previously given of some of the phenomena of a hurri- 
cane in (Juddcloiipe.* 

30. Whirlwinds, tromhes^ or syphons, ire gyratory or vortical 
movements of the air, which are confined to no country or climate*; 
and occur at sea as well as on land. In fertile regions strong trees 
and buildings are sometimes torn up by the impetuous force of 
whirlwinds ; in the deserts of Africa tl^ey produce moving pillars 
of sand, such as are picturesquely described by^the celebrated 
travidler Bruce; and at sea they appear in the form of water- 
spouts. 

.31. ‘*The y^lative velocity of winds,*’ says Dr. Dalton, may 
be best asceslained by finding the relative velocity of the c4ouds, 
which in all probability is nearly the same as that of the winds. 
The velocity of a cloud is equal to that of its shadow upon the 
ground, which in high winds is sometimes a mile in a minute, oi^ 
sixty miles an hour ; and a brisk ^le will travel at the rate of 
twenty or thirty miles an hour.** f The velocity of hurricanes has 
been variously estimated at from 100 to 300 feet in a second. 4 : 


• To what cause is the poisonous quality of certain winds supposed to be 
duo 7 

To whnt are the terms tempest, hurricane, and tornado applM 7 
In what different characters do whirlwinds present themseives 7 
How may the relative velocity of wind be ascertained 7 

■ ^ ’■ ■ s ” 

* See Treatise on QeotoftP* P* 334. 
t Meteorological Observations and Essays, pt 90. 
i See Xjamouroux Gcographie Physique, p. 103, for a table of the rela- 
tive velocities of winda 

2P 
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Hygrometry. 

32. Many meteorological phenomena depend on the presence of 
water as a constituent part of the atmosphere. The volatilization 
and ascent of the aqueous fluid, continually taking place from the 
surface of the earth, flVoducea fogs, mists, and plouds ; and the 
corresponding processes of condensation and precipitation cause 
the formation of rarn, snow, dew, and hoar-frost. 

33. Moisture is found in the atmosphere, either in the state of 
invisible vapour, or in the form^of minute globules, collected in 
masses of varying dimensionja, from the miniature clouds that 
ascend from a basin of hot wate^, or hover above the surface of a 
small pond in an autumnal mniliing, to those vast fields of mist or 
haze tiwit sometimes cover a wide tract of country. These collec- 
tions of aqueous spherules, when they ascend to a certain height, 
constitute the diflerent configurations of cloinds ; but the transition 
of aerial vapour from the visible to the invisible state, is perpetually 
taking place; as also is the converse change of invisible vapour 
into moud. 

3t. The quantity of moisture in the atmosphere is thus con- 
tinually varying,* its increase or decrease depending on altera- 
tions of heat and coi(k The air, however, is never perfectly 
dry, or quite deprived of water, even at the lowest possible 
temperature. | According to the experiments of Dalton, Ure, and 
Gay liUBRiic, as well as the calculations of Biot, the moisture of 
the air, when the latter is p<3rfectly saturated, has, at every tem- 
perature, the same elastic force as it would have when produced 
at the same temperature in a space where no other substance w^as 

E resent. Again it appears, that the rate of expannion of vapour 
ly the simple application of heat without an increase of water, is 
the sa^xie both when alone and when mixed with atmospheric air, 
as that of the air itself ; that is, taking either vapobr or air at 
32^ Fah., it will be expanded l-480th of its bulk for every degree 
^^of increase in temperature. 

^ 35. The weight in grains of water in a cubic inch or any other 
given bulk of air, may therefore be found, when we know to 
what temperature the air and moisture must be brought in order 
tliat perfect saturution should exist. The following short table 
will illustrate the case just stated. 

To what meteorological phenomena does evaporation give rise ? 


* The atmoephere is not of uniform composition ; the quantity of 
aque<Mi« va|iour, one of its cromponent parts, varies almost .every hour of 
the day. It is s4Q^ect toOudden increase, and as sudden diminution ; and, 
in its ascent to* higher regions, follows a very different law ftom that of 
the permanent elastic fluids.** — Daniell, in Brande's JournoTtf Scieme^ 
vol. viii. p. 324. 

t EdinDurg Encyclopedia, article Hygrometry, 
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From the fourth and hfth columns of the table, it appea|;s, that 
while the temperature advances in arithmetical projrression, the 
qiiatitity of moisture \gi a ^iven bulk of air increases- with the ac- 
celerating rapidity of a ^ometrical series. Hence it follows, that 
if two portions of of equal bulks, and both mturattd with 
moisture, at different temperatures, be mixed together, they will 
inevitably deposit some part of their moisture. 

36. (i) tracing the causes of meteorological phenomena, it must 

obviously he a point of importance to asqprtain the hygrometrio 
state of the atmosphere within a given space, or the quantity of 
insensible moisture which a fiortion of alrcoiitaiiis^ The barometer 
iiidicatns the total weight of an aerial column, depending partly on 
the invisible vapour which enters into the composition or the lower 
strata ; but in ordfA* to discover the relative amount of that vapour, 
various circumstances must be taken into consideration, especially 
temperature and topical elevation. Hence more direct means are 
requisite to determine the proportion of moisture iq^the atmosphere ; 
and for that fyirpose a great number of instruments have been in- 
ve.nted, styled hygroscopes or hygrometers. • 

37. A very simple apparatus may siiflice to show the existence 
of water in the atmosphere. Many substances are naturally so far 
hygroscopic that their weight is sensibly influenced by the state"* 
of the air. Tobacco, sponge, salt, sugar, and other porous sub- 
stances, imbibe moisture from a damp atmosphere, and con- 
sequently hc'come relatively heavier than when the air is in a dry 
state. iSu lithyric acid, potash.,and mnriateof lime, each powerfully 
attract water from the air when exposed to it, in almost any situa- 
tion. Fibrous bodies, as hair and thread, become contorted and 
shortened longitudinally through their disposition to abiorb atmo* 
spheric moisture. As the degrees of contraction which these 
bodies undergo admit of measurement, they have been very gene- 


rally employed in the construdtion of hygrometers. , ^ 

At what rate has the vapour in the air been found tosinoreoso. compared 
with the temperature f What is the kind of fhdication aflr>rded by a ba- 
roroeior? What property of fibrous bodies renders them fit to iMicate 
changes of the atmosphere in regard to moisture ? 
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38. M. de Saussure invented an instrument of this kindy which 
has been most extensively used in meteorological researches. It 
consists of a hair, (rendered more susceptible of the influence of 
moisture by steeping it in a weak solution of potash,) fixed at one 
extremity,€and after being passed round a pulley, kept extended 
by a small weight at the other extremity. On the axis of the 
pulley an index, moving over a graduated arc of a circle, indicated 
the alternate contraction of length from absorption of moisture, and 
elongation from its evaporation ; and thus affords, to a certain ex- 
tent, a nfeasure of the relative quantity of aerial vapour at different 
periods. De Saussure adopted*some ingenious methods to deter- 
mine the points of extreme moisture and extreme dryness for the 
scale of his hygrometer. He dbtained the latter point by exposing 
the instrument under a belKglasd, within which the air had been as 
far as^possible deprived of humidi^, by means of concentrated 
sulphuric acid, or calcined muriate of lime, (chloride of calcium ;) 
and the former, by placing it under a glass, yie sides of which were 
wetted with distilled water, and standing over water. 

39. In spite, however, of the utmost prepaution in the construc- 

tion of these hygrometers, it has been found impossible, to obtain 
two instruments that exactly correspond in their indications ; nor 
will the hygroscopic power of an individual instrument remain 
long unaltered. If these defects could be avoided, De Saussure’s 
hygrometer would only afford the means of comparing different 
degrees of humidity. ** We might ascertain from it Uiat the 
humidity of tlie air was at 60, 80, or 100 dej^ees ; but we should 
learn nothing concerning the elastic force of the vapour contained 
in that air, and consequently should be unable to resolve the 
fundamental question which involves the grand object of hygro- 
metry. For that purpose, it is necessary to determine what is the 
elastic force of the vapour which corresponds with each of the 
degroes of the hair hygrometer, and this determination is very dif- 
ficult*^ because, for example, if the hygrometer marks 80^ of 
humidity when the temperature is at zero, and 80*^ of humidity 
also when the temperature is at 30*^, the corresponding elastic 
forces of this identical fndication of the instrument cannot be 
equal. Hence further researches become requisite ; and M. Gay 
Lussac calculated what were the elastic forces of the vapour cor- 
responding to different degrees of the hair hygrometer for a given 
temperature, fixing on that of He found t^pt^when the 

hygrometer marks 100^, the elastic force is at its maximum, or 9.5 
millimetres ; at 60^ the elastic force is reduced to i ; and at 30** 
to • 

40. Professor Pouillet remarks, that notwithstanding the im« 

What is the construction of De Sau8ihire*s hysrometer t 

How did hec^atsin llm fixed points of his senTef 

To what serioaetobjectionB is this Instrument liable ? 

What point, in regard td moisture, is it important for us to ascertain f 

Why m^ not De Sanssure's instrument determine this point ? 

What eflohs were formerly made to remedy this defect? 
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portant assistance a^orded by the labours of M. Gay Lussac« the 
hair hydrometer can but yield approximative ebtiinates of the 
elastic force of tfte vapour contained in air, because the instrument 
is irregular in its indications, and liable to error.* It is, howevert 
probably the least inaccurate of those hygrometers whose action 
depends on the change of dimensions in bodies, owing to their 
absorption of vapour ; and as it has been very extensively em- 
ployed by men of science in making meteorological observations^ 
some notioc of seemed to be required. • 

41. Hygrometers of the kind just described can at best supply 
only a part of the information requisite towards determining the 
state of the atmosphere with respect to its aqueous con^nta. The 
quantity of invisible vapour in aify mass of air must depend on the 
elastic force of the vapour, or its di^iosition to retain a gaseous 
form, and that again will be chiefly Tnfluenced by temperature. The 
precise object of hygronietry, th^, sAould be to determine how 
much moisture the atmosphere, or a given portion of it, mjiy con- 
tain at a certain temperature. This may be effected by ascertain- 
ing at what thermomf'AHcal degree a body of air begins to deposit 
its moisture, or form dew ; and its temperature also being known, 
its (juantity of rnoistfli^ may be calculated. 

42. The degree of temperature at which moisture begins to bo 
precipitated is termed the drw^potnt.\ The manner in which it 
varies, relatively to the state of the atmosphere as to heat and 
moisture, is well illustrated by one of Mr^ Daniel I’s experiments. 
**The temperature of a room being I found the point of con- 
densation in it to be 39^. A (ire was lighted, the door and win- 
dows carefully shut, and no one allowed to enter. The thermometer 
rose to 55°, but the point of condensation remained the same. A 
party of eight pdTsons afterwards oesupiud the room for several 


What relation exists between the quantity of vapour in the air and its 
elastic force i 

On what doss the latter depend f 

What is meant by the term dev>-point in meteorology f 
Ilow may the variation of that point bo illustrated f 


*>• 

* Foullet Klem. de Phys. et M^tdoml., tom. ii. pp. 737 — ^741. 
t Dr. Dalton was, perhaim, the flrst English philosopher who pointed out 
the importance of the dew-point, ns a hygroscnpical phenomenon, in a 
series of Essays published in the Manchester Transactions, vol. v. First 
Series. But a kind of hygmmeyer involving this principle was long pre- 
viotisl^Tfr^enled by an ingenious Frenchman. “M. le Rw prascrivoit, 
pour moyen hygrom^trique, de tenir dans Pair nn verre pfein et 

dont la temperature fut la memo qiie cellede Pair ; de refroidir lentement 
cetto eau par une addition gradu4e et successive d'eau k la^glace, et de 
noter, le degre de froid aiiquel on commenc,eroit k voir k la surface du 
verre cette l^gere rosoe qiii indique ia precipitation des vapeura, el par 
consequent la supersaturalion d# Pair contigii au verre. II jugec^ Pair 
d'autant mains humide, qu*il falloit un dogr^ je froidm^B considferable 
pour operer cette precipitation.**-— de larond^JtUdm. de 
tom. iii. p. 354. V. Le Roy £!«»» sur-i’Hygittmecrie, p. 57. 

2p2 




450 MEtEOROLOOir., 

hours, and the fire was kept up. The temperature increased to 
58*’, and the point of condensation rose to 62^.”* 

43. Among* the instruments that have been invdnted to ascertain 

the hygrometric state of the atmosphere with relation to its tem- 
perature, may be mentioned the hy^ometers of Professor Daniell 
and of Professor Pouillet. Both consist of apparatus adapted to 
show the temperature of a body on the surface of whfch dew 
begins to form, and which may be compared with that of the air 
from which it is precipitated .f , * 

44. ** A Yery simple, as well as accurate, method of taking the 
dew-point, is to usea thin tumbler of tin, kept very bright and clean 
on the ouxside— and in the summer cold water, and in the winter 
snow or ice, and if necessaiy sail, mingled with water— and when 
these are not at hand, a mixturg of muriate of ammonia and nitrate 
of potash, in equal ou anti ties,, pounded very fine, put into the 
tumbler with water. By a?iy df these m*^ans a temperature may 
soon be obtained below the dew point. When dew settles on the 
tumbler it must be carefully wiped off, very dry, and the fluid within 
stirred with a thermometer — and this must* be repeated until the 
fluid is gradually heated up by the air, so that the moisture ceases 
to settle: the highest temperature at which*' it will settle is the 
dew point.** The same point may be obtained approximately by 
the following method : ** Take two thermometers that agree, or 
allow for the difference ; cover one of them with a piece of wet 
white cloth, and swing them simultaneously in the air, (unless 
the wind is blowing fresh;) when it is dicovered that they cease 
to change by swinging, or by the effect of the wind, take 103 
times their difference, and divide it by the wet-bulb temperature, 
and substract the quotient from the temperature of the naked-bulb 
—the remainder will be the dew-point. This formula is founded 
on experiments tVom 20^ Fahr. to 80*’, and does not differ at either 
extreme from the most careful experimeiitB.**:|: 


Cloudsm 

45. Since the condensation of aerial vapour depends on the 
temperature of the atmosphere, it is manifest that it may exist 
in a much larger prraortion in warm climates than in those that 
are colder. Thus tne air in the cloudy climate of England is 

In what manner may the dew-point be obtained by refrigeration and the 
use of a common thermometer ? . 

How may it otherwise be approximately obtained 7 


* Brande’s Journal of Science, vol. viii. p. 321. 

t For a descriptive account of Danielrs hygrometer, see papers in 
Brande*s Journal of Science, vol. viii. p. 300 ; and Met. Essajrs and Obs. 
Poui]let*B HygrcmHre d Caoaule is described in his Kl^m. de Ph 3 rs. et de 
M4tdorologie, tom. ii. p. 7o3 ; and some others, constructed on similar 
principles, are nafilsed byi Mr. Forbes, in Report of British Asloc. for 1833. 

t See the Cirenlaa* prepared by flie joint oommitees of the Franklin In 
Btitutei and the Philosophicair Society of Philadelphia. 
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Upon the whole less loaded with moisture than that beneath the 
clear sky of southern countries; and consequently more rain 
generally fall# during a year at Naples than in London, and more 
at Calcutta than at Naples. At the equator^the air, relatively to 
its temperature, contains less moisture than in the temperate zone, 
though the actual amount of moisture is larger. That is, the air, 
near the surface of the earth, under the line, has a gi%ater capacity 
for moisture than air at the same height in colder regions; but in 
the latter, thepctual quantity, (though sllialler in a given bulk of 
air,) approaches more nearly to the point of saturation, without 
any where reaching that point; for when it does, precipitation 
takes place. * 

46. “ Hence, at the equator,*the air immediately incumbent on 
the earth’s surface must be coryparatively very ciry. Moreover, 
the cause which produces the jryncss of the equatorial air, at the 
eartli’s surface, must,«all over the %lobe, exert different degrees 
of the same influence. The air every where incumbeiit on the 
earth’s surface must, therefore, always be under the point of satu- 
ration ; the relative degree of dryness being highest under the 
equator, and gradually diminishing as we recede north or south 
toward the poles.’^t 

47. iCloiids consist of visible vapour, or meteoric moisture in 
the intermediate state between invisible vapour and palpable 
liquid. Their formation appears to be the result of the inmerfect 
condensation of invisible vapour, from the intermixture of strata 
of air at different temperatures. Evaporation is perpetually^ 
taking place from the surface of the earth, not alone from seas, 
lakes, and rivers, but in some degree from the hard rock or the 
frozen soil.f The watery exhalations are usually imperceptible, 
unless when a Apid change of temperature occurs, as on a sudden 
thaw after a hard frost, when the damp earth arid the waters throw 
off abundance of reeking vapour. At other times, the transfer of 
the aqueous fluid from the earth to the atmosphere, though not 
interruptofV is It^ss distinctly observable. 

48. During the heat of the day it rises from.the surface of the 
land and waters, and reaches its point of condensation in greater or 
less quantities at different altitudes. Partial clouds are foriq^ed 
in different parallel planes, which always maintain their relative 
distances. The denser forms of the lower strata, as they float 
along with the wind, show that the greater abundance of precipi- 

with references to the temperature, in what zones » the 
quantity of moisture greatest 7 

What is the hygrometric state of air at the equator, near the ground t 

What is the nature and cause of clouds 7 


* Dr, Prout’s Chemistry and Meteorology, p. 287. From the latter part of 
Dr. Prom’s opinion there may be reason to dissent ; for though the abso- 
lute quantity of moisture tot^rds the poles may be less, the diflerence 
in high and low situations may still bo as «oat as^i^lhe ^iiafortal re- 
gions. The air at the surface is saturated when fogs qpver it. — E d. 
t See Scientific Class Book, pt i. p. 906. • 
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tation has been at the first point of deposition, ^'hile the feathery 
shapes and lighter texture of the upoer attest a rarer atmoi^here. 
These clouds do not increase beyona a certain point, and often re- 
main stationary in quantity and figure for many hours ; but as the 
heat declines, they gradually melt away, till at length, when the 
sun has sunk below the horizon, the ether is unspotted and trans- 
parent* Th^tars shine through the night with undimmed dustre, 
and the sun rises in the morning in his brightest splendour. The 
clouds again begin to foini, increase to a certain limit, aad vanish 
with the evening shades. * 

49. This gradation of changes, which we see so often repeated 
in our finest seasons, may at first seem contrary to the true prin- 
ciples ; and tlie precipitations which occur with the increase of 
temperature and disappear with its decline^ may, without reflection, 
be regarded as diametrically opposite to correct theory. But a 
little consideration will show thatTsuch conclusions would be un- 
true. ^ The vapour rises, and is condensed ; but in its descent 
falls into a warmer air, where it is again evaporated, and becomes 
invisible ; and as the quantity of evaporatiqn from the surface 
of the earth is exactly equal to supply this process above, the 
cloud neither augments nor decreases. Whq^ the sun declines, 
the ground cools more rapidly than the air ; evaporation decreases, 
but the dissolution of tlie cloud continues. The supply at length 
totally ceases, and the cloud subsides completely away. The 
morning sun revives the pxhalations of the earth, the process of 
their condensation and consequent cl oud-l ike form commences, and 
they again uude^o the same series of changes.”* 

50. Clouds differ from fogs only in their superior elevation above 
the surface of the earth. “They are seldom a mile high in our 
climate in winter; in summcf they may perhaps "occasionally be 
two or three mile%high. The thickness of a stratum of clouds, 
or distance from the under to the upper surface, is also variable, 
from % few yards to three or four hundred or more. A stratum of 
cloud of greater depth is probably of rare occurrence ^ny where ; 
it would yrod lice a greater degree of darkness on the earth^s sur- 
face than is ever observed.”*!' 

61. Different minions have been proposed as to the constitution 
o$*the clouds. They are usually regarded as consisting of little 

Tn what part of a series of clouds does the precipitation of moisture from 
the invisible stato appear to be most copious f 

What succession of appearances recurs, during fine weather, in tempo 
rate climates ? • 

How is this reconciled with the principles of greater evaporation beina 
caused by higher temperatures t 

What 18 prul^ably the greatest thickness of clouds in a vertical direction ^ 


♦ Daniel! s Meteorological Essays and Observations, pp. 124, 125. 

A j “»?!»?*■ Meteorolog. ObservaUons and Essays, App. to 2d edition 
^te fAd The peouel of ^is note contains an instructive account of 
inenomena relatin^to cloiidi, observed during excursions in the more 
ilevated parts of sdVeAd counk'es in England. 
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vesicles of watii filled with humid air.* As to the cause of their 
ascent or suspension in the atmosphere, M. ^ay Lussac refers it 
to the impulsion of ascending currents, owing to the difference of 
temperature between the surface of the earth and that of the up« 
per air^ while M. Fresnel supposed that the solar h^at, absorbed 
by clouds, formed groups of miniature montgolfidres, which rise 
to height^ depending on their excess of ^temperature above that 
of the air. • 

52. Dr. Dalton has advanced a different hypothesis, considering 
clouds as being composed of water only, in a state of eictreme di- 
vision. He says : When a precipitation of vapour takes place, 
a multitude of exceedingly small drops form a cloud, mist, or fog: 
these drops, though eight hundred times denser than the air, at 
first descend very slow^, owing*{p the resistance of the air, which 
produces a greater effect as the drops are smaller.**f This last view 
of the nature of clouds has been recently brought forward by Prof. 
Stevelly at the Edinburg meeting of the British Association. He 
alleged that clouds Vere assemblages of spherules of water, the 

f »roduction of which might be accounted for by the laws of capil- 
ary attraction; and Ife very justly remarked, that notwithstanding 
their actual specific gravity, compared with that of air, the mi- 
nute size of the cloudy spherules would alone be sufficient practi- 
cally to suspend them, as even gold and platina may be so subdi- 
vided as to descend with less than any assignable velocity.**:^ 

53. Either of these theories may be employed to account for the 
phenomena ; but, as Professor Pouillet remarks, We at present 
do not possess sufficient data concerning the real constitution of 
clouds, and the properties of the vapours, or the different elements 
which compose them, on which to ^oiind a satisfactory explana- 
tion of their various appearances.”^ 

Modifications of Chuds, 

54. The ever-changing varieties of form which clouds exhibit 
to the eye of the observer, seem to bid defiance to all attempts^at 
classification. The task, however, has been undertaken by Mr. 
Luke Howard, who afler a long series of meteorological re- 
searches, formed a systematic arrangement of clouds, distin- 

Wiat ^tmons have been ^vanced to explain the constitution of clouds T 
\iaTili' M tlie hyivothesis of Gray Lussac f 

How has Professor Stevelly snuaht to account for the suspension of 
the spherules of visible vapour in the air? 

* *• On admet, en g[6ni£ral, qne les vapours qui constituent les nuages sont 
des vapeurs visiculaireSt e’est A dire, des amas de petits globules remplis 
d'air humide, toiit-A>fait analogues aux bulles de savon.”— Pouil/et JSUm. 
de Phya. de tom. ii. p. 753. ~ * 

t Meteorological Observations and Essays, pf 134. 

t Report of Professor Stevelly *8 Observations in thh AihenBeum, for Sept 
27. 1834. 

$El4ia. de Pbys. et de MetAoroL, tom. ii. p 754. , 



454 


METEOROLOGY* 


vj^uLshing them by names characteristic of their general structure 
Imd mode of production. The classihcation and terminology pro- 
posed by this ingenious philosopher, have since been adopted by 
many writers ; and Mr. Howard himself, after eighteen years’ ex- 
perience, thus states his confidence in the propriety of his method : 

do not lind a necessity either to make additions to this little 
system, or to retrench any of its parts. Some subordinate distinc- 
tions may, indeed, at d future period, be found useful ; but until 
the classification, as it is, be generally adopted, its simplicity must 
form its most poiVerful recommendation, and its conformity to 
nature. )t ip in the form and strpeture, carefully considered with 
due reference to situation, that the observer will find the basis of 
a correct judgment; and he ^11 do well to wait, at first, for se- 
veral successive appearanc^es each modification, to which he 
will thus at length nnd the definition appfy in all its parts.”* 

55. The modifications of clouds are distinguished into three 
principal distinct formations, and four composite kinds. The sim- 
ple forms are the cirrus^ in which the vapours have the appear- 
ance of loose, narrow bands of parallel on, diverging feathery 
fibres ; the cumulus^ exhibiting heaped masses of a globular or 
conical shape ; and the stratus^ forming extended level sheets of 
cloud. The composite clouds are the drrocumulus^ consisting of 
collections of small but well-defined orbicular masses, or little cu- 
muli ; the cirr(hstraiu8^ In horizontal or somewhat oblique sheets, 
having a light, fibrous appearance above, and a concave or undu- 
lated surface below ; the cumulo^tratua^ generally flattened at the 
base, and heaped above with overhanging protuberances; and the 
nimbus^ composed of dense continuous masses, forming a canopy 
of vapour dissolving below iiito rain. 

56. Dr. ThomVis Forster, who has long been an industrious 
observer of atmospheric phenomena, and has distinguished him- 
self tty his writings on meteorology, has adopted Mr. Howard’s 
system, which he has endeavoured to familiarize by the addition 
of English names for the several modifications of clouds. To the 
statement of these terms may be properly added a few notices of 
^e modes of formation of the difterent varieties, and of the infer- 
ences that may be drawn from their appearance relative to changes 
of weather. 

57. Cirrus, or curlcloud. — ^This delicate modification, with 
its varieties, may be distinguished by its fleecy or ^ my light- 
ness, fibrous structure, and instabilty of form ; seldonT iSng pre- 
serving the same appearance. It commonly occupies the higher 
regions of the air. in variable and warm weather, with gentle 
breezes in sfimmer, long obliquely descending bands of cirri are 

What nomenclature has been found to distinguish the several kinds of 
clouds?' ** 

What are the characters of^the several compound clouds ? 

* The Climate of London, deduced liom Meteorological Observauona, p. 1 
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sometimes seer^ connectingr masses of other modifications^ pro* 
viously to rain. After a continuance of fine clear weather, 
the cirrus may be seen crossing the sky at d great height, like 
a white thread, the extremities oi which seem lost in the horizon. 
This is^ called the Linear ctrrus. When several of these long 
clouds are connected by transverse or oblique processes, they 
have been termed, from their net-like arrangement, Reticular cirri, 
the most *usuaW form of the cirrus is tfiat called the Carrudd^ 
or Mare's~iail cirrus^ which commonly occurs in variable wea- 
ther, indicating the approach of wind or ikin. When care- 
fully observed, the cirri will be found to exhibit signs ^ internal 
commotion, without any change of place ; though sometimes the 
fibres seem to wave gently to an4 fro. This happens most fre- 
quently in those large and lofty mrri, roundedf heads and long 
pointed tails, which ar^ common In summer and autumn, during 
the prevalence of dry winds. ^ 

58. Cumulus, or stackencloud. — ^This cloud is readily dis- 
tinguished by its irregularly hemispherical figure, having gene- 
rally a level base. Jt is produced by the gathering of detached 
masses, which then appear stacked or piled together. Its for- 
mation Inay be most advantageously traced in fine settled wea- 
ther. About sunrise, small, thinly-scattered specks of clouds 
may be perceived ; which, as the sun ascends, increase in bulk, 
coalesce, and at length form the completes cumulus. It has been 
termed the cloud of day^ as it generally dissolves in the evening, 
separating first into small fragments, and retracing the steps of 
its formation in a reversed order. The more regularly-rounded 
cumuli, of a whi^sh colour, which Tefiect a bright silvery light 
when opposite the sun, are the harbingers of fine weather ; but 
those or a more indeterminate figure, with a dari hue and irregu- 
lar fleecy protuberances, prognosticate rain. 

59. Stratus, or fallcloud. — ^The stratus is nothing mordT than 
that bed o( Vapour which covers the surface of the eart)^ during 
the absence of the sun, or when its rays are impeded, sometimes 
creeping as a mist over the valleys and low lands, and disap- 
pearing soon after sunrise ; and at others, hovering in the shape 
of a dingy fog, at a small elevation in the air, during one or per- 
haps several days. In its usual form of a summer-evening mist, 
it owes its origin to the nocturnal depression of temperature in 
the lower region of the atmosphere. It may be observed in a 
fine^^dilin'J, after a hot day, when the cumuli which have pre- 
vailed through the day decrease, that a white haze forms close 
to the ground, and veils its surface. About midnight it attains 
its utmost density, and disappears towards sunrise. It has hence 

In what fitates of weather is Uie cirrus? 

Enaraen|te some of its varieties? • • 

What is found to be the action of the parts of this iffld of clouds among 
themselves ? * 

What distinguishes the cumulus from other fbmis of clouds? 

By what familiar name is it designated ? Why f 
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been called the thud of night. In autumn the lon^r continuance 
of this cloud marks the diminution of the stints power. But in 
winter it sometimed assumes the form of a dense fog, shrouding 
in dismal darkness eve^ object on the earth, especially in the atmo- 
sphere of some large cities ; the obscurity being augmented by the 
intermixture of smoke with the watery vapour. In January, 1814, 
one of these fogs pervaded the air, over a great part of the south 
and west of Kngland, for about a fortnight. The'stratus is often 
found to be positively electrified ; and hence it does not wet ob- 
jects in ppntact with it. This modification must not be con- 
founded wilKsome varieties of cirrostratus, which resemble it in 
appearance ; but the latter wets every thing it touches, and thus 
the two forms may be distinguished. 

60. CiRROcuMULus, or 6oi||i>ERp:iOUD.-^The name of this cloud 
indicates its affinity to two or the principal forms. It differs 
from 8(Ane varieties of the cirrostratus, by the superior density 
and compactness of its component nubeculae, and the greater 
diversity of arrangement. At the approach df thunder storms cir- 
rostrati appear in masses of a denser structure, more rounded 
shape, and in closer order than at other timeb. In rainy, change- 
able weather, these clouds, have a light, fleecy texture, and varia- 
ble figure, being scarcely to be discriminated from cirrostrati. 
In summer the cirrocuniulus forebodes heat ; and in winter, the 
breakii^ up of frost, ano approach of mild, wet weather. 

61. Cirrostratus, or wankciaiud.— From its disposition to 
rapid alteration of figure and subsidence, this kind of cloud 
has derived its English appellation. It is remarkable for its 
shallow depth relatively to its horizontal extent; while in 
other respects it is constantly varying. It originates more fre- 
quently from the' cirrus than from any other modification ; and 
sometimes after descending from a higher station, and assuming 
its cfiaracteristic figure, it changes again into cirri ; but more 
commonly it either evaporates, or unites with some other kind 
of cloud, producing cuinulostratus, nimbus, and then falling in 
rain. Besides its common appearance, as a long, plain streak of 
d^ud, tapering towards the extremities, it assumes the form 
of the Mottled cirrostratue^ constituting what is called the 
mackerel-back sky of summer evenings, which has been pro- 
verbially reckoned a sign of dry weather. The Cymoid cirrus 
is accounted a variety of the cirrostrptus. It is cqmposed of 
waving bars or streaks, either arranged so as to mriJi'*Tine8, 
or otherwise disposed. It is said to be a sure indication of 
approaching storms. Another variety of the cirrostratus is that 
large shallow veil of cloud which occurs especially towards 

At what hour of the day is the stratua most dense f 

To wloat dosi^nat^n has this circumstance given rise ? 

What indicationiC% regard to weather, are supposed to be afforded by 
the cirrocumutiiB ? * '• 

What is the familiar appellation applied to the mottli^d cirrostratus 7 

What is supposed to be prognosticated by the cymoid cirrus f 
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night, and IhTqpgh which the sun and moon appear hot indis** 
tinctly. Halos, parhelia, &c., usually are formed by peculiar 
refractions of the light of Uiose bodies in this variety of cloud. 
It betokens rain or snow. 

62., CuMULosTRATus, Of TWAiNCLouD. — ^This modification of 
cloud is produced by the accumulation of other kinds, as the 
cirrus and cumulus. The cumulus, drivei^bytbe wind, becoming 
retarded in its 'course, grows denser, spreads laterally, and swells 
out into a dark, irregular mass. Sometimes a number of cumuli 
unite at the base, from which heaps of vapour rise in Jihe form of 
mountain peaks, or detached iQpcks. The cumuMStrati, which 
giv'e birth to storms of hail or thunder and lightning, often look 
black and lowering, especially before the shower of hail or rain 
begins to fall. Occasipnally, tlfi^cloiids of this modification eva- 
porate, or the mass separates into cumuli ; but more ci^mmonly 
their appearance is followed by that of the nimbus, producing rain 
or snow. 

63. Nimbus, or nikiNCLouD. — Any of the other modifications 
of clouds may forna and again disperse, or become evanescent; 
but the nimbus is a* constant precursor of a storm. It maybe 
best observed when showers fall at a distance, and the nimbus 
can be seen in profile. The progress of its formation may be infer- 
red from what has been just described, urider the preceding modi- 
fication. The cumulostratiis having been formed, sometimes goes 
on increasing in density till the whole horizon is veiled in por- 
tentous darkness. Shortly after which the lowering sky assumes 
a gray obscurity, denoting a new arrangement of the particles of 
vapour in the cloudy mass. The nimbus is then formed, and rain 
descends. The shower continues tfll the nimbus is exhausted, 
and other modifications of cloud reappear : the cirrus, the cirros- 
tratus, or perhaps the cirrocumulus, arh seen aloft, floating agiidst 
the blue sky ; and the remaining cumulus, no longer retarded, 
sails alon^with the wind nearer the surface of the earths 

Rain^ Snow^ and Hail. 

64. One immediate cause of rain is probably the intermixture of 
masses of air, whose common temperature is insufficient to keep 
suspended their joint amount of moisture, part of which is therefore 
pr ecip itatej. Another is (he ascent, into an elevated region, of 
warm aif fully supplied with vapour, whereby an expansion*' and 
an increase of capacity for heat, with a diminution of temperature. 

What forms does the cumulostralus exhibit previous to a kail storm or 
thunder shower 7 How does the nimbus differ from other forms of clouds 7 

What are supposed to be the two immediate causes of rain 7 
— — — — — ■ —— — — ■■ — — 

* The effect of sudden expansion in the receiver of an air-pump is to 
cause invisible to change Ibr a moment to vi Ale vapour, and to fall in 
miniature rain. Before reaching the pumpyplate tifis little shower will 
sometimes be seen to disappear as the temperature^ resumes its former 
state. — Eo. 

2Q 
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takes place. Contending currents in the atmosphere bring, 8ud« 
denly, into mutual jsontact vast fields of moist air, and the aqueous 
particles coalescing form drops, which, if the temperature is above 
the freezing point, descend in liquid showers. The size of the 
drops of rain probably depends on the degree of rapidity with 
which conSsnsation takes place ; and the rate at which they de- 
scend must be influenced by the relative height of the clouds, the 
action of the wind, ana their own magnitude. 

65. The mean quantity of rain that falls in different parts of 
the world ^juries considerably, according to local circumstances. 
Among the^are temperature, distance from the sea, and position 
with respect to mountain chains. According to Humboldt, nearly 
six times as much rain falls aVthe equator as in 60^ N. latitude. 
But in the tropical regions ^^he though vastly more abundant 
than in gold climates, are much less frequent ; and in the former, 
the raiifs are periodical. Mountainous tracts are visited with 
more copious and frequent showers, in general, than plains ; and 
in some countries little or no rain falls, as in E^pt, the fertility 
of which depends on the periodical inundations of the Nile. 

66. It has been repeatedly remarked, that 'in any given situation 
the quantity of rain is greatest at the least elevation : thus more 
might be collected within an area 12 inches square at the bottom 
than at the top of a high tower, all other circumstances, except 
the height above the ground, being equal. An experimental in- 
vestigation of the cause of this phenomenon has been undertaken 
by Mr. John Phillips, of York, England, an account of which 
may be found in the Report of the British Association for 1833. 
The hypothesis wdiich he proposes, as a probable inference from 
the result of his researcheiT; is, that the whole difference in the 
quantity of rain at different heights above the neighbouring ground, 
is caused by the continual augmentation of each drop of rain from 
the commencement to the end of the descent, as it traverses suc- 
cessivo'y the humid strata of air of a temperature so’much lower 
than that of the surrounding medium as to cause the deposition 
of moisture upon its surface.** Mr. Phillips purposes to pursue 
H>e inquiry, with a view towrards the completion of the theory of 
this curious subject, the patient investigation of which, as he 
justly remarks, cannot fail to give us new and penetrating views 
into the constitution of the atmo^here.* 

67. When the temperature of the region of the qir in which 
the resolution of the cloudy vapour into water takes pTSbe nap- 
pens to be below the freezing point, the globules, in the act 

On what ^loca tho size of the drops d^end T 

Whnl local circumstances appear to aflect the quantity of rain falling on 
any eiveii portion of the earth's surface? 

Whi}t relation appears to subsist betvfeen the elevation of a plain and 
the quantity of whiqji falls upon it? 

To what is the observed difference attributed ? 


* Report of British Association, for 1833, pp. 410 412. 



459 


SNOW, HAlLt 4&C. 

of union, becomt congealed into nredle-shaped or spicular crystsils, 
ivhich form litile hexagons almost iiiiinitely igodilied; and these 
again combining as they descend, produfte flakes of Some- 

times the frozen masses are Ycry small, constituting sleet. At 
other times they assume the more formidable chani^tter of haiL 
Hailstones are often of considerable dimensions, exceeding 
sometime^ the length of an inch. They lyay, tlierefore, fall with 
a velocity of 7rf feet per second, or at the rate of about 60 miles in 
the hour. Striking the ground with such impetuous force, it is easy 
to conceive the extensive injury which a hail-shower m^ occasion 
in the h<itter climates. The destructive power of thc^fi^nissiles, in 
stripping and tearing the fruits and foliage, increases, besides, in 
a more rapid ratio than the momcftitum, and may be estimated by 
the square of their velocity multtpliedPinto their mass. This fatal 
energy is hence the fourth powerofthe diameter of the hailstone.’’* 
68. The celebrated Volia ascribed the formation of hail to elec- 
tricity, and proposed^to defend tracts of country from hail-storms 
by rods on the principle of lightning conductors. These hail- 
rods or paragreles ^^they were called, were tried in France and 
Switzeijand, but apparently with little advantage. f 

When is snow instead of rain the result of deposition of vapour 7 
At wimt rule dues the destructive energy qf nuil-stoiies iiieroasc with 
their diameter 7 

On whul two principles does Mr. Espy f(>und his theory of aqueous de- 
positions 7 (iVo/e.) 


♦ r.rslio on ITeatand Moisture. 

t For an account of n terrific hail-slomi, in which some of the masses 
weighed a inuind each, see CommfKlore Porter’s Letiers from Constanti- 
nople. On the subject of rain, hail, snow, and water-spoiits, a very inge- 
nious theory has rei'cnlly been advanced by Mr. James P. Espy, wIir]^efor8 
the occurrence of these phenomena to the influence of the latent heat of 
vapour, giv^A out in its c:ondcrisation, acting ns sensible hcfg on the 
nimospheric air, which, having a low specific heat, will be, in any given 
case, more expanded by the heat of the vapour which has been condensed, 
than it is contracted by the diminution of bulk, in the turning of that 
vn|)oiir to water. This increase of bulk in the air may occur when, salYi- 
rated with va^Kiiir, it ascends from the surface of the earth in consequence 
of the diminution of its specifle gravity — a mixture of air and watery 
vapour being lighter, bulk mr bulk, than pure atmospheric air. It is known 
that a mass of air, saturated with vapour, at any temperature, w.^1 deposit 
settg^ortion ef its vapour on being siiddenly^d listed in the receiver of an 
air-pump. In rising to the upper regions of air, the same result will be 
obtained, and the more decidedly the higher it rises, for the dilatation will 
be the greuter as the height becomes more considerable. But though, by 
the dilatation, the vapour is condensed, yet the air which hes parted with 
it does not contract and re-descend, for the latent heat given out is stifli- 
cient to keep its temperature above what it would have been had the 
same bulk of air been carried to the same height from the surface of 
the earth. vMr. Espy has found, by calculation, ** that quantity oi* latent 
caloric given out by the change of vapour to water or cloud, is sufiicient 
to produce an expansion in the air six time.f greatei' than the contraction 
caused by the vapour turning to water.” •• This calculation is founded on 
Uiree principles, which are all demonstrated by experiment • 1. The latent 
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Dew^ lloar-froaty and Ground-ice^ 

69. The precipitations of water from the atmosphere, already 
described, d^end on changes of temperature in the air ; but there 
are others frequently taking place in consequence of depression 
of temperature in solid bodies. In the summer season, in clear, 
calm nights, the surface 8f the earth and growing plants ard found at 
sun-rise covered with globules of limpid moisture, so that the trees 
and hedgeq^liiter in the first rays of the sun, as if they were hung 
with multitcMs^ of brilliant diamonds or transparent pearls. This 
phenomenon, so often described by poets as well as philosophers, 
and so familiarly known to all «who inhabit the country, consti- 
tutes dew : which, in some. situations, occurs so copiously as to 
supply the want of rain. The %ircumstaifces under which it is 
precipilafed, are so different from those which accompany the 

What is meant by deml 

heat of vapour is a constant quantity equal to 12\2f of Fah. 2. The ca- 
pacity of atmospheric air is 25, tiiatof water beina 100. 3. The expansion 
of air by heat is l-480th of the whole, ibr every degree of Fah. aw^ve its 
bulk at 32^.’* 

The result above stated leads to tho conclusion, that the commencement 
of condensation in an ascending current of air will cause an expansion of 
tho whole mass of air at)ovc the cloud, by keeping its temperature olevaledf 
and causing it to rise and spread out in every direction above tho cooler 
niusscH aruuiKl it. 

Air, ascending into the upper regions of the atmosphere, is cooled one 
degree for each 100 yards oi ascent. By rising 9000 yards, therefore, it 
would be cooled 90 degrees. But if air, saturated v^th vapour, should 
ascend to tho sam^, height, and should lose oven 45 degrees of heat, it 
would deposit the greater part of its vapour in consequence of the rapidly 
diminished quantity of that substance capable of being suspended in the 
air at*low temperatures. When much vapour is contained in the air at 
the surface of tho earth, tho latent heat from deposition wosild be more 
than siifBeient to heat the air to 45^ above the temperature due to dry air 
at the same height. The heated air will consequently continue to rise. 
The equilibrium, being thus once disturbed, cannot be restored while air 
hi^ly charged with vapour exists at the surface of the earth. The pres- 
sure of the air, as indicated by the barometer, will be diminished beneath 
the cloud — and, if it amount to one inch, may cause an ascending cur 
rent of 230 feet per second — sufficient to carry up large drops of rain, 
afler tliey are formed, far above the region of perpetual congelation,*' 
where they may be frozen aqd carried to the sides of the ascending cur- 
rent When, at tho commencement of the^ ascension, “ the tlew is 

very high, and the ascending current very narrow, the upward velocity 
will be very great, and thus w'nter-sixiuts, or what the French call trombos, 
both by sea apd land, may be formed." 

The author supposes that “all the phenomena of rains, hails, snows 
and ivater-8)iouts, change of w^inds and depressions of the barometer, fol- 
low as easy and naturiH Cf>rollaries from (ho theory here advanced, that 
there ie^goa exvansi^ tif the air containing transparent vapouTf when that 
vaptmr is conaensedSuto wdier'* This theoiy is the result of much careful 
omervation, and. a& it& author conceives, is justified by multitudes of facts, 
which meteorologists have not been able to solve on any other hypothesis. 

Sec Trani. of Ged, Soc. of Penn., vol. i., p. 342 .— £d. 
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separation of moisture from the air in the stale of rain, that philo- 
sophers were If ng* at a loss to account for iu Among the causes as- 
signed for its production, one of the most plausible was electricity. 

70. At longtii, however. Dr. W. C. WeWs, by an ingeniously 
conducted senes of experiments, ascertained that dew is chiefly 
owing to the radiation of heat from the substances on which it is 
deposited. Hence it is that dew never forms during nights which 
are both cloudy and indy ; and if, in the course of a night, the wea- 
tlier froifi being serene should become dSrk and stormy, the dew 
which may have been produced will disappear. Grass, leaves of 
vegetables, or other bodies, must be quite exposed to the sky in 
order to enable them to receive dew ; and therefom^ie slightest 
shelter will prevent its deposition on the coveredsurface. The 
quantity of dew must necessagly depend, not entirely on the 
degree of radiation at any one tin^ and place, but also on the 
amount of moisture {^resent in^the air. Perfect stillness in the 
atmosphere, therefore, is not always so favourable to the deposi- 
ti(/n as gentle motion ; by means of which, after one mass of 
air has been doprit^d more or less of its moisture, by contact with 
radiating bodies, rg.her portions of air, from which it has not been 
separated, may be •successively brought near to those bodies, 
whicli may thus receive repeated deposits. Any considerable 
agitation, however, approaching to wind, causes tlie precipitation 
to cease. 

71. These and many other circumstances, connected with the 

occtirreiice of dew, admit of a complete and lucid explanation, by^ 
referring them to the property of radiation. Light, fibrous sub- 
Htances, as filaments of gossamer, wool, thread, cotton, hair, 
grass, and low»plants, both dead and living, are among the best 
radiators, and receive dew most reafflily ; while rocks, bare earth, 
and consulerablc masses of water, have less tlisposition to part 
with their heat in the same manner, and therefore remain free 
from dew. ** 

73. is merely frozen dew, owing either tc^ powerful 

radiation, when the atmosphere itself has a temperature above the 
freezing point, but the radiating substances part with their heat 
so fast as to fall below it, and thus the moisture freezes on them 
as soon as it is precipitated : or the congelation may be accom- 

g lished and preserved by a depression of temperature in the air 
elow 32^ P'ahrenheit. Glass is an excellent radiator of heat; 
y.nd henci^it often receives depositigns of hoar-frost winter, 
intrusting its surface sometimes with elegant frost-work, bearing 


To vi*hat is the dep^itiun of dew at night chirfly attributable ? 

Wiiat is necessary, in regard to the situation of plants, in order that they 
should receive a dejiosit of dew ? 

Whnt is the eATeci of motiog in the air on the quantity of dew which it 
will dcpqait? . • 

What character, in regard to emitting beat^have IftKlies which accumu- 
late much dew ? 

Why does glass accumulate hoar frost ? 

2q2 
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a fanciful resemblance to trees and landscapes. Some of the sim« 
pier forms of hoar-frost are exhibited in the following figures. 



*' 73. The trees and hedges alsoP in the cold season display yet 
more bea'utiful assemblages of snowy crystals, the complicated 
figures of which it would be useless to attempt to trace. Hoar- 
frost, in the spring, sometimes destroys the buds and flowers of 
plants, and literally deprives the gardener of the fruit of his labour. 
It had been long known that tender vegetabltts and opening buds 
might be protected f^roin its deposition by a very slight skelter ; 
but it is only since the discoveries of Dr. Wells have been pro- 
mulgated, that the manner in which such shelter acts (namely, by 
preventing radiation) has been properly understood. 

74. The production of ground^ice^ that is, ice formed at the 
bottom of rivers, is a phenomenon that has often attracted the no- 
tice of philosophers, and given rise to different hypotheses. Mr. 
T. A. Knight, in a paper published in the Philosophical Transac- 
tions, attributes the formation^ of ice in such situations to particles 
originally congeaksd at the surface, and afterwards carried to the 
bottom by the eddies of streams.* Neither this nor other theo- 
ries that have been advanced can be considered as satisfactory. 
Th# phenomena are well described in a paper by Mr. Richard 
Garnett, published in Brande's Journal of Science in 1818 ; but 
that gentleman does not propose any new mode of accounting for 
the existence of ground-ice. He remarks, however, that it never 
occurs but under peculiar atmospherical ci ream stances, He 
adds, that the immediate cause of the formation of this ice 
seems to be the rapid diminution of temperature in the stone or 
gravel in the bed of the river, (on which it is deposited^') connected 
with sudden changes in th'b state of the atmosphere.^’v^ 

Why does a simple veil or screen, placed over plants, prevent their de- 
struction by fis>st7 

What is meant by p^round-ioe ? 

What attempts liave boon mado to explain its prod action f 


See Abstracts of^^apers in Philos. Trans., vol. ii. p. 16. 
t Brando's Journal, vol. v., i». 369. 
t Idem, p. 373. 
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5. ExperimentSy which could be best prosecuted in frosty 
weather, would be requisite to develop the cause of the formation 
of ground-ice.® It may, however, be not improbably attributed to 
the acquisition by stones or gravel, in consequence of radiation of 
heat, of a temperature below the freezing point, while the water 
passing over those substances was somewhat warmer. It mav 
be staled, as an argument in favour of this suppositioif, that ^pround- 
ice is found only in clear, running water, through which it may 
De conceded lyidiatLon might take place.^ 

76. Various other atmospheric phenomena are frequently treated 
of in books relating to meteorology. Thesb are chiefly of two 
classes, namely, those which may bo explained^ij^ means of 
the laws of optics, and those i^hich appear to depend on electro- 
magnetism. Among optical or photo nomical phenomena, there 
are few more curious than tl\^ mirage, looming, and the fata 
morgana, or more beautiful tban*the*rainbow ; and of these some 
notices will be found in the treatise on Optics, in the former vo- 
lume of this work. Notwithstanding* the brilliant discoveries 
that have been made within the last forty or fifty years relative to 
electricity, we are^et by no means able to trace the full extent 
of its influence over the atmosphere. That it is the cause of light- 
ning is, however, universally admitted ; and to this subject the 
attention of the reader has been directed in the treatise on Elec- 
tricity. 

77. Perhaps there are no atmospheriesphenomena more singu- 
lar or problemctical than the descent of aerolites, or meteorites, 
as they have been termed. The fact of their fall was long doubted, 
but at present seems to be indisputably ascertained. They all 
consist chiefly of magnetic iron, having a remarkable analogy of 
composition, 'f heir origin is quite uncertain ; and the dimrent 
explanations of their appearance that have been attempted, are, 
perhaps, equally improbable. Some supj^se them to have been 
formed in the air, an hypothesis which D’Aubuisson rejects aa 
untenable ;• others consider them as the products of volcanoes in 
the moon* projected into our atmosphere ; and, according to 
Chladni, they are fragments of planets which have burst in pieces 
amid the etherial space. 

What is the composition of aerolites or meteorites f 

What hypotheses have been formed respecting them 7 

* This supposition seems, hpwever, at vai’iance with the generally ro- 
opinibn, that water is but slightly, if at all, pervious to radiated 
heal. — E d. 
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Works on Meteorology. 

So many of the subjects connected with this department of 
science are still in an imperfect state* that no work which has 
hitherto fallei; under our observation can be considered as .abso<- 
lately free from error. Many detached memoirs and treatises of 
great value are extant* ^d we will present to the consideration 
of the reader such as appear likely to prove mosA satfsfactory 
It is understood that-the gentleman whose views of the causes of 
rain* hail* ^madoes* and water-spouts we have presented in a 
preceding pagi^* is preparing for tlv) press a work on his favourite 
department of study* in which those views will be carried out 
and applied to numerous phenosicna connected with atmospheric 
changes. 

Daniel's Meteorological Essays and Observations. 

Dalton's Meteorological Observations and Essays. 1834. 

Leslie's Essays on Heat and Moisture. 

Front's Chemistry and Meteorology. • 

Forbes on Meteorology* in the Report of tho^British Association 
for 1832. 

Pouillet E lemons dc Phys. et de Mi't.ef)rologie. 2 vols. * 

Meteorological Register, from Observations made by the Sur- 
geons of the Army at tjie Military Posts of the United States. 
Washington. 1820. 

Niculao Cacciutore do Redigendis ad unicam soriem compara- 
bilem Meteorologicis ubique Factis Observationibus. Palermo. 
1832. 

Article Ilygrometry^ in the Edinburgh EncyclQpedia. 

Eiiclyclopedia^Mctropolit^na, article ^f^‘t€orology, 

Manuel de Moteorologie* par J. B. Fellens. Pans. 1833. 

Focster's Essays on Meteorology. 
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fiovey, .... 401 localities of, . . . 104 

Cobalt, binary^om pounds of, . 139 analysis of, . . . 214 

properties of, . . . 143 ores, reduction of, . 226 

chloride of, . . 143 alloys of, . . . 233 

localities of, . . 195 native, . . ‘ . . 241 

Cobalt, sill phurets of, . . 253 snlphurets of, . 253 

glance, .... 2.56 native oxides of, . . ^7 

oxide, of. . . . 257 carbonate of, . 275 

arseniates of, . 27.5 phosphate of, . 276 

Codfish, spawn of, . . . 32 Coral reefs, formation of, . . 355 

Coins impressed on plastic sul- % Cornelian, 260 

S hur, .... 126jCornean, 384 

ours, vegetable, affected by Conlicr on the temperature of 

' charcoal. . . 132 the earth, .... 310 

of minerals, . . 238 Cosmogony, system of, . . 298 

C'oluraliates, .... 268 (Cotton, chemical nature of, . 166 

Culumbium, binary compounds Cretaceous gibup, . . . 390 

of. ... 137 C'ri d'etain, .... 144 

properties of. . . 140 Crinoidal fbrsii animals, . .411 

Colehrook’s theory of the corth's Croconic acid, . . . .107 

density, 806 Cross courses, .... 192 

Columnar rocks, . . . 390 Cryptogamic plants, seeds of, 

Comet, Kneko's, retanled by the trails jiorled inn>iigh the air, . 331 

ether, 316 Crystals, various ibrms of, . 242 

Composition, attraction of, 9 simple, . . . 290 

molecular, . . 11 in liusils, . . . 405 

Combining numbers of salts, 68 Crystallography, purpose of, . 283 

Combiuition, a chemical process, 13 works relating to, 297 

supported hy iixlino, 23 Cumulus cloud, , . . . 455 

Ihcts rein ting to. . .34,Cuiiiiilo8tnitus, . . .457 

spontaricoiis, . 35 Cii|>ellfition. .... 217 

8])ontnneaiis, of the Cii^’ier's discoveries in orycto- 

human body, 38. 48. 50 logy. 302 

supported by oxy- Cyanogen, 112 

gen, . . 75 Danicirs molting point of silver, 135 

Como, lake of, tilled by detritus, 344 illustration of the dew- 

Coiiipoiiiids diiler fniin their con* point, . . 449 

.ti stitnenCs, . . 26 Davy’s method of protecting cop- 

of gases become 8o< per, . . .45 

lids, . . .27 safety lamp, .110 

primary and second- Days, length of the, affected by 
ary, .66 the cooling of the earth, . 312 

ofractal lie elements, 14'! Dalolite, 271 

Compression of carbonic acid, . 106 DialK.ge rock, . . 

of the earth at the Dichroite, 265 

j. poles, . 305 Dimorpliism 2^ 

Compressibility of air and water, 307 Dip ot strata, .... 389 

Condor of thd* Andes, . 438 Discoveries of modem philoso- 

Condiictors and non-conductors phers, 13 

of electricity, ... 25 Districts, mining, why berren, • 198 

Conformable rocks, . .387 Disthene 261 

Consistency of min^-Vals, , . 241 Diamond, an isolated bod”, . 14 

Continents, elevation of, . ^ . 376 chemical nature of, . 102 

Contortions of strata, . . 386 apparatus for combos- 

Copper, dissolved by sulphuric tion of, . . . 104 

acid, .28 variable hardness in, . 240 
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Diamond, remarkable specimens Elements, four, of the ancients, 15 
of, . . • * . • P- seven, of the alchy- 

Di visibility of matter and of m^ts, .15 

space, 30 sixty-four of the mo- 

Dea^s in mineral veins, . 189 derns, . .15 

Decomposition, double, . . 64 metallic and non«me* 

Deinotherium, .... 428 tallic, .* . .16 

Density, a means of (fwlinguish- * list of, . , . 18 

■ ingl^ics, 14 Elie de Begumont on mountains, 319 

in minerals, . . . 241 Encke’s comet, how retarded, . 316 

Denudation of surfaces, . 373 Encrinites, ... . . . 399 

Depth of mineral veins, . . 189 Epmm salts, cr 3 r 8 tals oL . . 284 

Deposits, alluvial, . 428 Epidote in minem1j|g^ . 264 

Dew, theory of, .... 461* ^Equivalents, chemical scale of, 57 
Dew-point, nature of the, . . 449 Erie, lake, may be emptied, 3^. 342 

method of ascertaining, 450 Efralic blocks 375 

Docimasy, . . . . 209 ^uptsons and earthquakes, . 358 

Doebereiner's discoveries on i&Py on hail-storms and ^ma- 

■pongy platina, ^ .36 dos, 459 

Dolomieu on carbonic acid, . 325 Etesian wind, .... 445 

Drusy cavities, . • ® • • 408 Expansion, rate of, in moisture, . 446 
Dulong on decomposition, . . 66 

Dunwich clids, degradation of, 349 Farquharson*s account of a flood 

Dyke, in aeology, . • . . 389 in the Don 339 

• Fqiilt in rocks. .... 389 

Earth, figure of, . . • 304 Faraday reduced gases to liquids, 10 

mean density of, . . 306 Feldspar, .... 262, 263 

temperature of, . . 308.FermenSation 170 

consolidation of, from fu- Ferns, fossil, . . . 403. 418 

sion, .... 311 'Fibrous hygrometers, , 447 % 

Earthquakes, geological cflects of, 357 Fibrin, 165 

frequency of, . 358 Fingers cave 390 

in Chili, . 359 Fire-damp. .... 109 

Earths are metal lie* oxides, 67 Fire^f, oxidation and reduction, 212 

analysis of, .161 Flint, 260 

primary, in minerals, . 161 Floatage, power A*, in the air, . 332 

Echinite, 424 Flowers of sulphur, . . . 126 

Electricity, chemical effects of, 40 fossil, . . . ^. 404 

by« evaporation and Fluate of alumina and soda, na- 

• solution, . . • 41 live • . 200 

opposite states of, in Fluorine, general account of, . 23 

combining bodies, 47 particular properties of, 85 

the cause of combus- Fluorspar, .*85 

tion, .47 crystalline forms of, 292 

in spontaneous com- Fluoride of silver, . .86 

bustion of the hu- of boron, .87 

man body, . . 47 Fluorides, native, . . 279 

of minerals, . » . 241 Fontine^le on spontaneous com- 

Ructric lighiffrom animals, 48 bustion, 50 

action on the earth’s Forms of bodies classed, . 10 

surface, . 368 Formations, general ytew of, . 322 

Electro-positive bodies, with hy- Fourier on the tempe^ture of 
drogen, .... 94 celestial spaces, . 317 

Electro-chemical relations of mi- Fossil flowers, .... 404 
nerals, .... ^245 vegetables, sections of! . 417 

Electro-positive native metals, 246 shells, ^ • • • • - 417 

Electro-negative metals, . . 249 • ^ theory ofi • 299 

Elephant, fossil, in Russia, . 429. Franklin’s discovery on north- 

Elevation of mountains, . 373| east storms 441 

of chalk strata, . . 3781 Freind’s remarks on qmtals, .284 

2R • • 
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Fuel for rnnelting, . p, 222, 2!^;Grenier» mount, fall oC • 844 

Fundamental rocks, . • . 387|Grenough on clev'atioii of conti- 

Fiirnace, calcining, , . . 226 1 nents, 379 

Fusion, igneous, of the earth, . 318 Greenstone rock, . . . 382 

Groufis of formations, . . 320 

Gahn’s blowpipe, . . .211 synoptical arrangement o^) 393 

Galena, i . . . . 254 carboniferous, . . . 393 

Garnet, family of minerals, 264 ponean,* .... 394 

Gases combined by elect^city, . 40 keupric, . . . 395 

atomic constitution of. . 91 liasic, .... 394 

evolved from volcanos, 328 Ground-ice, .... 462 

inflammable from (isssures Gum. 164 

ill iR^: ^arili, . . 329 resins, .... 166 

Gas, intoxicalingt* . 97 Gun-barrel for decomposing water, 90 

olefiant Ill Gypsum, deposits of, . . . 353 

Ganaiie of minerals, . . . 190 

Gay Lussac's instantaneous light, 37 Hading of mineral veins, . . 188 

on combining volumes, 58 Hair by gfometer, imperfect, . 448 

GehleniteV 265 Hail-stones, momentum of, . 459 

Gelatin, f'liarnclc3r8 of, . . 165 Hail-storms, thwry of, - . 460 

Geusanno on the heat of mines, 310 Hanliiess of minerals, . . . 409 

Geognostio epochs, . . 406 Haro's mode of procuring boron, 114 

Geology, purpose of, . . . 298 Ifarmolome ipineral, . • 262 

of tho United States, . 433 llarmaltaii wind, . . . 445 

Geological Siiciety, influence of, 301 I luu'y, simple forms discoveu^d by, 290 
arrarigeiiiont of mine- ‘ Haiiy's sysieiii of mineralogy, .244 
rills an<] fossils, . 4(U6 researches in crystallo- 

Geysors contain silica, .118 graphy, . . . 288 

femperntnro of, . . 313 theory, objections to, . 293 

deposit of, . . . 3.51 Haworth, mud deluge at, . . 346 

Giant's ciiusewiiy, . 390 I lay-ricks, combustion of, . . 36 

Gilding, water 230 iieot, expansive power of, . 9 

Glacial pbosplioric arid, . . 122 evolved by burning bodies, 33 

fjrlasa, etching on. by fluoric acid, 86 and light ir combustion, . 76 

comtM)Hitioii of. ".118 of the earth, Fourier on, . 317 

tvlanco cobuU 2.56 Heavina of mineral veins, . 191 

Glauber's salt, crystals of, . . 284 Henry, Prof., on Niagara gorge, 337 

Gluc'uum. binary comfuouiids of, 145 llisingerite, . . . .261 

properties of, . . 153 lloar-froMt, 461 

Gluten, f 165 Homioniorphism, . , . . 287 

Gold, an isolated iKuly, . 14 Homberg's sedative salt, . .113 

malleability of, . . . 31 Horiistoiie mineral, . . . 259 

acted on by iodic aciil, . 83 llorsburgh on descending cur- 
binary compounds of, . 1.5.5 rents of air, .... 442 

chemical nature of, . . 159 Hot air blast, how applied. . 223 

test of, . 213 Howard’s classiflcalion of clouds. 454 

nati\;e, .... 249 Human body, combiistion of, . 38 

locdiiViesof, . . . 193 ^ bones, fossil, . . . 354 

Goniometers, .... 295 Hurricanes, geological jflTects - « 

Gossan, in mineral veins, . . 202 Hutton's theoiy of the earth, . 300 

Granite, disintegration of, by of coal formations. 413 

** air, . . * . 327. 336 Hydrate of chlorine, . . .81 

vanable characters of, 381 Hydrogen, general account of, . 19 

supposed universal, . 392 reacts with platina, • 37 

Gravities, specific, of gasses and and sulphur. 54 

vaiM>uni, . 60 * atomic weight ofi . 55 

* ' irT iodin'*, - 82 volume of, - . .59 

Graphite, . . 251 binary compounds of, 76 

Grauwacke, . * . 383 peculiar properties oC 87 

Great Staple Tor, .327 mode of obtaining, • 8^ 
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Hydrogen, protoxide of, . p 
gas gedbrator, . 
deutoxide of*, 
employed lo inflame 
diamond, 
phosphiiretted, - 
sulphuretted, . 
in water, *. 

• bisul^ihuret of, . 
Hydrofluoric acid. 

Hydrochloric acid, 

Hydrohromic arid, 
Hydmchlonde of carbon, . 
Hydrothionic acid, 

Ilydroselenic acid, 

Hydriodic acid, . . . . 
Hygrometry, , . . . 


Hygroscopes, 

HyifcosanniH, 


HylfcosanniH, . 

Hyponitroiis acid, 
Hypophosphorous acid,^ . 
Hy|)Ofliiiphurous acid, 
Hyposulphuric acid, j* 

• 

Ice, groifhd, 

melted in ammoniacal ga 
Ichthyosaurus, . 

Igneous origin of rocks, 
ImpulNion, winds caused by, 
Incomimtible salts, 
Increments of crystals. 
Intoxicating gas. 

Indigo, chemical nature of, 
Innlin, - . • . 

Instruments for analysis, . 
Iodine, general nature of, . 


88 Iron, cast and wrought, . p. 2S4 
. 89 native, .... 247 

. 91 native, osjdes of, . . 256 

e tungstate of, ... 269 

. 105 native, carbonates of, . . 274 

• 124 oxalate of, .... 281 

. 129 Isl. nds produced by ftibmarine 
. 178 * volcanos, . • . 3G6 

. 130 daptructioii of, • . 349 

. 94 Isomerism, 123 

. 91 Isoroorphisni, .... 123 


binaiy comiioiinds of, . 
peculiar properties of, . 
solution of, in water, 
compounds of, with chlo- 
rine 

Iodic acid 

Iodide of nitrogen, 
carlsm, 
phosphorus. 

Iridium, binary compounds of, . 
properties of. 

Iron precipitates copper from^- 
hition,* .... 
protected from corrosion by 
zinc, .... 
wire, burnt in oxygen gas, 
binary cornpiounds of, 
properties of, 

now detected in mtnera^ 


111 Jasper, varieties . 260 

1291 Junction, line of, in strata, . 434 

1.34 

9^1fSmsin wind, .... 445 
44(? Keufwic group of rocks, . 395 

447 Kibble in a mine shaft, . 204 

423 Kirkdale hone caverns, . . 430 

98 Kremnitz mine described, .200 

122 Krokydaliie 2G4 

128 

129 Lampblack, nature of, . 102 

Land and water, relative extent 

462 .of, 319 

101 JjnndslipH, how caused, . . 344 

422, Lapis lazuli, .... 266 

408: Lat ion's! 266 

440 Lauder's account of the Moray 

18-1 1 dtdiige, 338 

289; Jjaiimun life, .... 2G2 
97 liOva cut through by water, . 336 

165 Lavoisier on com|M>8ition of acids, f>6 
]64[I#aw^ of chemical attraction, . 27 

172 I.ff‘uu tree, 46 

23 oxides of, ? • . .55 

71 binary compounds of, . 164 

81 chemical properties of, • . 158 

8 localities of, . .194 

effect of, in alloys, . 233 

83 sulphurcts of, . 254 

82 native oxides of, . . 257 

100 carbonates of, .*274 

109 nrseniate of, . . 275 

124 Leaves, fossil, .... 402 
156 I.rhman'8 division of rock 

160 strata, . 300, .391 

Leibnitz* theory of the earth, . 299 
28 LemcrjTs remarks on crystals, . 285 
l^pidcmcndron, .... 418 
44; Leslie on compressibility of mat- « 
751 ter,. . • V,, . -307 

IMjLiiis rock, . . . .383 


properties of, . . 156 'Liosic group 

now detected in minera^ | Light in combustion, whence de- 

analyses, .... 162 rived, ^ * • • • 

in mirfhral water, . . 180!Lic|iior«silicum, . 

localities of, . . . 195jLt8txin^earthquake at, 

assay of. in the moist way, 214i Lithium, binary compounds of, 
ores, reduction of, . . 2211 properties of^ 
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Lily encrinite, . . . p. 4191 

Limet precipitation by, . 29 

properties of, » . . 150 

how separated IVoin baryta, 104 
in mineral waters, . . 181 

native, sulphate of, . . 278| 

seoretdd by corals, . . 357 

Limestone, mountain, fossils in*, 413 
Lode of a mine,*. . r. . 202 

Lustre of minerals, . . . 239 

Lybian desert, sands, moveable 

in, 333 

Lycopodium, ^c^ion of, . .418 


Maclure's view of the geology 
of America, .... 434 
Madrepores, . . . r- 4()pT 

Madrepor^e, .... 412 j 
Manganese, oiide of, 74, 266 

with salt produces 
chlorine, . . 78 

binary compounds of, 139| 
properties of, . . 142| 

localities of. . 196 

Mantell's discoveries of fossils, 376 
Magnesia, aluminate of, • 

native carbonate of, . 274 
sulphate of, . r . 378 
Magnesium, (?«)m|)ouiids of, . 145 
properties of, . . 151 

Marbles 272| 

Maskcleyne on the earth’s den- 


Metals, native, phosphates of, p. 874 
Buiphates of, . 279 
Metallic salts, how decomposed, 46 
acids, . 

Metamerism, 

Metallurgy, 

botj^s on, 

Metallurgic chemistry, 

Meteoric stones, r • 

Meteorology, definition of, 
works on, 

Meudon crocodile. 

Micaceous minerals, . 
fMines, 

depth of, . 

Mineralogy, objects of, 

^ works on. 

Mineral kingdom, ingrodien 
chameleon, 
deposits, 
vei^s, . 
waters, . 

ingredients 
aiiiilysis of. 

Minerals, assaying of, 

how distinguished. 


sity, 306i 

Matris of a mineral, « • < 190 

Matter, divisibility of, • Si), 31 

Mechanical mixtui^, . .11 

Medial rooks, . 394, 412 

Megal.niyx, .... 424 
Megatherium, .... 431 
Mellate « f alumina, . . .281 

Mellitic acid, .... 107 

Menachan ore 268 

Mel ling-pots, for sine ore, . . 229 

Melting-point of metals, .135 

of potassium, . 146 

Mercury, aflected by tempera- 

^tures, . . . 38 

binary compounds pl^ 155 
properties of, . ' . 159 

localities of, . .194 

ores of, how reduced, 220 
nativ£, . . . 248 

sulfihuret of, • . 254 

Metals, great variety of, . 24 

extensive use of, • . 25| 

^lectro-negajive, not cor- 
roded, . i* , . 44 

nielting-pocnt*o( • . . 135| 

three lessee of, • 136| 

in prtniordial rocks, . 408 


134 
..123 
. 186 
. 235 
. 214 
. 247 
. 436 
. 464 
. 425 
. 263 
. 186 
. 205 
. 236 
. 282 
ts in, 69 
143 
186 
188 

176 

177 

178 
209 
237 


in, 


physical characters of, 238 


constituents of, . . 243 

classification of, . . 244 

classes of, . . . 246 

competing rocks, . 380 

artificially formed, . 408 
Mining, art of, . • 196 

system oF, in South Ame- 
rica, . 

Minuteness of molecules, . 

i, cut ofls in the, 
MitscheViich on isomorphism, 
Mixture, mechanical, , 

effect of, on compounc 
bod ies. 

Moisture in the air. by what in 
flueiieeil. . 
quantity of, in the 

air, . . 446, 450 

Moh’s improvement in crystallo- 
graphy. 

Molecvles, minuteness of, . 

of lend, weight of, . 
selt-repiilsive, . 
Molybdenum, binary compounds 
of, . . . 

properties of. 

Molybdates, .... 
Monps gelatinosa, 

Moroy, deluge at, . . . 

Mososaurus, 

Motion, rotatory of the earth, . 
Monsoons, how explained. 

Mountain limestone, . 


201 

29 

347 

286 

12 

61 

96 


296 

29 
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59 

138 

141 

269 

32 

338 

425 

312 

444 

399 



iNPEic. 473 

Mountains, height of, compared Oro, silver, how reduced, . p, 218 
w'ith the earth's Ores of lend, assayed in the hu- 

diamcter, . 320 midway, . . . 214 

volcanic, . . . 361 of gold, reduction of, 216,217 

• elevation of, . . 373 of zinc, reduced, . 229 

Mud, deluge of, . . . . 34t>|Organo-chemical sub^nnees, . 281 

Multiples in combining atoms, . 53;Organic remains in the United 
Muriatic^acid, , . . . 91 1 Stnt^, . • . . . 433 

ih mineral waters, 180 Oryctolo^, purpose of, . . 398 

Muriates in mineral waters, 182, 183 works on, .438 

Caseous breccias, . . . 431 

Naphthaline, .... Ill {Outlying rocks, . ,<*1 • . . 389 

Native iron, .... 2-tf .Oxalate of iron, .^ . . . 281 

Naiiinann's views of mineral Oxalic acid, .... 107 

firms, 296; Oxacids, 67 

Niivir, grind of the, . . . 348 J3xi^s, metallic, . . .25 

Nepiuiiisis, . • • . 301 * and acids, . . .77 

Neufchatcl, lake, described by of chloAno, . M 

Saussiire, .... 343 of electro-positive me- 

Neiitnil primary compounds, 66- 68 tula, .... 256 

New Jersey. denudati8ba in, . 377 Oxide, nitrous, .... 98 
Niagara, detritiun at,^ . . 336 carbonic, . . . 103 

filling of rock%nt, . 342 of phosphorus, . . . 120 

Nickel,«c onipotiiuls of, . . 1.54 Oxygen, general account of, • 18 

properties of, . . 1,57 * evolved at the positive 

localities of, . . . 198 t>oIe 42 

copper 247 combining weight of, . 53 

suipburots of, . . 253 mmlc of generating, . 73 

Nimbus, 4.57 pficiiliar |iroporties of . 74 

Nitrates 277 absorbed by molted sil- 

Nitre, ci^’Blallinc form of, . . 285 ver, .... 218 

Nitrogen, general account of, . 18 combinations of, with 

the basc^of nitric acid, 18 sulphur, . . .126 

combines with oxygen, 53 binary compounds of^ . 156 

binary compounds of, 71 • 

particular properties of, 95 Palladium, binary compounds 
compounds of, with of, . • » - 155 


oxygen, . . .96 properties of, . . 160 

pnfloxide of, • . 97 Pnnenn gniiip, . . . 394 

chloride of, . . 99 Particles, magnitude of, . .9 

Nitrous acid, .... 98 Puragreles of Volta, . . .4.59 

Nodules in geology, . . . 391 Paris observatory, caves of the,« 309 

Nomenclature of acids and salts, 77|PainM)theri urn maximum, . .427 

Notch in tile While mountains, 3 i2| Peacock, Mrs., combustion of, . 49 

Nucleus, primary, of crystals, . 288 Pec h blende 2.57 

I Pelissy's theory of fossils, . . 299 

Ocean, bottom of, howr shaped. 319j Penzance mine, . ^ *! . 206 

si^ .‘.aedrons -dTrora cubic mRle- Pentrefniies, . . .411 

ciiles 294|Pentacriiiiie, Briarean, . . 420 

Ochre, 257 Permanent gases reduced to li- 

Oil of heaven, .... 168 quids, . •. . W 

Oiis, fixed and volatile, . 65 Perchloride of phospherus, . 128 

Oid women, combustion of, . 61 Periods, geological, . . . 406 

olefiant gas, . • • .111 Persian process for silver, . . 208 

Oolite •- 273' Peroxide of chlorine, . • 80 

Oolitic group, fossils in, . 419 Pewier.^ompooilidh of, . * . 232 

Opal 260; PhospflaTes, ni^ti\^e, . ■ 276 

Ore veins of, how discovered, . 197! Phospltiorus, general account of^ 22 
silver how assayed, . . 214' combustion oC 34 
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Phosphorut, spontaneoiiB com- Process, metallargtc, • * p. $15 

bustioq of, . p. 36 Protochloride of carbon, . . 108 

binary compounds of, 72 selenium, . 133 

inflames in bromine, 84 phosphorus, . ,123 

in nitrous Protectors, Davy’s, . ' . .45 

» oxide, • 97 Protoxide of chlorine, . . 79 

peculiar propertiet h^rogen, . . ^ 

of, . t, .119 nitrogep, .• . 97 

oxide of, . . 120 iron, . . . 157 

bottles, how, made, 121 Pront on equivalent volumes, . 59 

iodide of, . . 124 Prussic acid 113 

Hiilpluiret of, . .1^ Pyrites 253 

Phosphoric acia, weight of, 76 Pyrophosphoric acid, . . . 122 

character of, . 12l Pyrophysalite, .... 267 
Phosphurct of carbon, . . 125 Pyrometer, steam, . .135 

Phosphuretted hydrogen, . •• 124 S^romorphite, .... 275 

PharmacoDolite, . . 27.5 Putty, tin,' 144 

Picture, sympathetic, . . i:i6 

Finite, 2f>2 Quartz, varieties of, . . . 259 

Pisolite, 273 

Pitz mountain, fall of, . . 345 Rain, causes of, . . . 457 

Pitchstone, . . . . .384 quantity t^f, in different re- 

Plagiostnma dnmosum, . . 425 gions, .... 458 

Platina, fluoridos of, . . . ^ Ratios, combining, anomnlotls, . 54 

binary compounds of, . lo5 Ravenna, site of, changed, . 340 
properties of, . . 160 Reagents for analysis, . .173 

localities of, . • • < 193 Reduction of iron ores, . . 221 

reduction of, . 219, 220 tin ores, . . 225 

native, .... 249 copper ores, . . 226 

Plesiomorphism, . . 287 lead, . . . 228 

Plesiosaurus, .... 422 zinc, . , 229 

Plumbago, 251 Reels, coral 355 

Polyedra in crystallography, • 29] Relics, human, protended, . 432 

Polyhalite, ^ 279 Remains, organic, by whom stu- 

Polymerism, . « . . 123 died, . 302 

Polypifers, singular power of, . 356 fossil, in the wealden 

Porphyritic rocks, . 382 group, . . . 423 

Potash and tartaric acid combine, 12 Resins 1G6 

prticipitates lime, . . 29 Respiration, a chemical process, 13 

Potassium 145 supported by oxygon, 74 

decomposes carbonic Revolutions in the condition of 
acid, . . 107 the earth, . . . 303 

melting-point of, . 134 Rhodium, binary compounds of, 156 
binary compounds of, 144 properties of, • . 160 

Potosi, silver mines at, . 201 Richter on combining quantities, 68 

Powder, of various colours, sepa- River, Yellow, of Chum, . .340 

“rflble after mixture, . 11 Roasting of iron ore, . . . 221 

of Cassius, . . • . 144 Robinson on eflecta of fivers, . 

Pressure, variations of, . . 439 Rock crystal, . . 259 

l^cipitation 29 milk 274 

nehiiite, ...... 262 Rocks, disintegration ofl • 3^ 

Primary coraplPunds,three classes structure and composition 

®ft • • • . • .66 of . . . 380 

Fnesiley discovered nitric oxide, 98 how important in geology, 381 

Primordial rocks,, . 323. 393. 407 • non-foesiliferoiis, . . 382 

Prinsep 8 experiment on fv^iqn, 135 texture of, ^ .385 

Prisms in crystallography, . .291 submedial, formaiiona of, 393 

P^ucts of combustion, • .77 medial. .... 412 

Proportions, dafoite, . .52 Rodolphus mine atKrommt^ . 200 
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Rofn4 Delisle crystals, . 

equality of an- 
gles in crys- 
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very interesting andsentertaininv. It is not a dry, abstract, nr.et a physical discus- 
sion, but*ki plaiiK intelligible and agreeable survey of the iMiiefitsof knowledge, 
and the evils of^gnnrance. Historical facts, interesting anecdotes, familiar ez-« 
planations of the principles of science, characterize t^s production, and the most 
ordinary understanding will And amusement and instruction in its perusal. — 
SratAera RttigiouM Teltgrapk, 

• % 

A DIGESTED INDEX OP ALL THE REPOPRTED DECI- 
SIONS IN lAw and EQUFTY, op the SUPREME 
COURTS OF THE STATES OP OHIO, INDIANA, AND 
I ILLINOIS, with an Appendix, containin|r^ the Constitution of the 
United States, the Constitution of each of* the States above speci- 
fied, and the rules of their Supreme Courts ; al^ the* rules of prac- 
tice in the Seventh Circuit of* the United States, the Acts of Con- 
gress for the authentication of i:itatutes and records in the several* 
States, and an epitome of th^ Sta^ptes for the admission of attor- 
neys to the bar, ancf for the eUcccution and ackno\^^dgment of 
deeds and other conveyances, in all of the western and i»uth- 
western States. By James F. Conover, Esq. of the Cincinnati 
Bar. 

A work of this kind wa« very much wanted by the profcMton, and they ahnuld 
tender Mr. Coiiovt^r theer thankK for the able manner in which be has executed hie 
task, wliicii wae undoubtedly one of very great labour and research. It ia a large 
octavo, beautifully printed on fine puperf and handaomely bound. 

One nf the Profeesitm^ 

IRISH ELOQUENCE: comprising the Speeches of the cel ^ 
brated Irish Orators, Phillips, Curran, and Grattan ; to which 
added, the Powerful Appeal of Robert Emmett, at the close of his 
trial for high treason. Selected by a member of the Bar. 

Tlie above wor(^ forma a complete and unique school of Irieh oratory. To every 
member of the bar, to every clergyman, tia every aspirant to political influence 
and admiflsiuii into the leeit*lntivc balls of his country, tUs practical text book of 
eloquence will be an honoured inanuul ; and scarcely less does it recommend itself 
lo every lover of literature, and each promoter of his country's good, who will 
both be rew’nrded for the purchase, the one by its high literary merits, and the 
other in the glowing picture it presents to him of personal sacriflccs on the altar 
of public ^ffal. — Charfeston Courier. ^ 

The Sp«*pchcs of Phillips, Curran, Grattan, and Emmett, have been published in 
a neat octavo volume, by Key dc Biddle of this city. 

It is unnecessary for us to say any thing as to the merit of those splei^id dis- 
plays of eloquence, w'hich have stamped an immortality on the above named ora- 
tors. Their merits are well known, and wherever these speeches have been read, 
they have been admired. 

The volume is neatly “ got up,” the paper is good, the type is clear, bold and 
legible, and the binding is substantial and durable. — Daily Inteiligeneer. 

THE flOME BOOK OF HEALTH AND MEDICINE, a 
Popular Treatise on the means of avoiding and curing Diseases, 
and of preserving the Health and Vigour of tlie body to the 
period. Including an account of the nature and properties of 
Remcidies, the Treatment of the Diseases of Women and Children, 
and the management of RrcgnaiiGy and Parturition. By a Physi- 
cian o4 Philadelphia. ^ * 

The present work should not be confbudcl^ with tl^D Quinary treatises on 
domestic medicine, the ridiculous pretemtons of which, in connection with 
their numerous errors and omissions, render them useless, if not dangerooi 
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^ides to those by whom they are most Ireauently consulted. The leading 
ityoct of the Home Hook is to present a valuable substitut • ibr the popuhJ 
nodical works now in use. 

It would perhaps be most advantageous under all circumstances, were 
oooks of this class to be entirely excluded from the lamily library. But this 
IB impossible. Whatever relates to the causes, nature, ^mpton j, and treats 
ment of diseases.^ interesta peisonally every member of the community, in 
OB much as each one feels himself (l^^le at any moment ij attacks of .disease. 
The science of mecMcine has, in consequence, always been a favourite sub- 
ject with all classes of society. To furnish therefore, the exha professional 
reader with correct medical information, in a form and style adapted to his 
wonts and comprehension, is an object of very considerable importance, but 
it is one beset with difficulties which render its accomplishment no 
means easy. It hasphowever, been attempted, and we are persimdcd siic- 
C€WHfuUy, by the experienced author of tlie Home Book. In this work, the 
utmisit care has been taken to remove the erroneous and mischievous opinion 
so commonly entertained by those who a*e not members of the medical pro- 
feffiiion, of tno facility with which the ^ character of diseases may be deter 
mined, and tKd remenies best adapted for their cure selectcn) and prescribed 
By dosc^ribiiig in plain and perspicMious language, divested of all technieuli 
ties, the comjilioufod siriicture and functions of the human body, — theagrntii 
by wiru:h it is preserved in healtlii — the general causes productive of disease 
— -the phenomena and progress of the inosL common ailments peculiar to thh 
climate, and the plan of treatment by which these are miwt siiccessfnlly 
iiiaiiagod^the Home Book presents, it is beliovcM], the most offbc^tiial ai.tidote 
to dfiiiicstic, ns well os every other spiles of quackery. It is from ignorance 
upon th^ particulars, iliat the public have heretofore become so readily the 
dufK^s of interestiHl cniiaric's. While the Home Book may be safely consulted 
in all cases of emergency where immetliate assistance is demanded, as in 
convulsions, apoplexy, cliolorn, hemorrhage, and the various accidents, the 
4’cnder will find in it no cncourngemont to trust to his own unskilful judginont 
the treatment of a serious comphtiiit, in any instance in which pru|)cr profes- 
siuiinl advice can be readily obtained. As in all cases the prevention of dis- 
etwes is conlessedly of far greater importiunce than their cure, a laige portion 
of the pnMient work is appropriated to the consideration of Hygiene, or the 
means of preserving h«'nlih. In this department ample information is sup 
pticrl in relation to the interesting subjects of the atmosphere, heat and cold 
clothing, exorcise, diet, clcaiilineas, bathing, sleep, the praions, the preserva 
tion of the hair, of tlie sight and the feet, Uie care of the bowels, the man 
agement of infants and children, dtc. Ac. The greatest pains ftre taken U 
iatiirin the reader of the leading properties of all the remedial agents in 
cotnttioii use, tlieir dost*s, ni<Kle of odiniiiistratiori, the circumstances which 
render a resort to them proper or improper, and the which may be an 
licipated fmm their imprudent or excessive use. This constitutes a very 
useful and necessary introduction to the description and treatment of diseases 
Previously, however, to cniering upon an account of diseases, properly speak- 
ing, n very concise but accurate history is given of the dinbrent surgical 
diseases and avaudeiits, ond the measures which are to be pursued Ibr theit 
euro. Under the head of diseos'^ we recommend in a ve^ c pecial man 
ner, not merely to the general re^er, but also to the medical practitioner 
the articles on intermitting, bilious, yellow and typhus fever; on catarrh, in^ 
faa»!e oonvulsionr, croup, hooping cough, consumption, dyspepsia, cholic, 
cholo^ poisons,, gout, dropsy, cow-pock. du;. &c. Whetlier indeed we con- 
sider it in reference to its style and arranmment, or to the laiige amount of 
useful matter which it contains, the Home Book may, in our opinion, be safely 
recommended, as the most judicious treatise or popular medicine extant Its 
l^es may at the same f-mo be advanlageoiisly consulted by the regi'lar pmo- 
tilioiior ; the younger ineinbeni o.' the profession in particailar will find it a 
valuable manual, exhibiting a ve«y accurate and comprehensive view of the 
lament state of medical pracuce — Journal BeiUt Ldtrta, 
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MIRIAM. OR^THE POWER OP TRUTH. 

^BY THE AI7THOE OP “INFLUENCE.” ^ 

This tale is profeswHlIy founded on an ** anecdote, eaid fo be a well-atteated 
Act, of an American Jew converted to Christianity by the death of hie only 
child, a b«>autifiil girl, whom he had reared with no common care and aflhction. 
She enibruccd the Christian faith unknown to her father, until ^ith her dying 
I i pa she confessed to him her apostacy from Judaism, giving hiin*at the aaoie 
ttiiie a Teatainent, with a solemn iiijiiiictmn to believe in Jesus of Nazareth.'* 

Thifi outline is ingeniously and sfctifislly filled up, and a talc of deep interest 
is produced. 7'here are iiiaisy passages de^ iwtlios, and the argument for 
Christianity adapted to the Jews, is happily suHtnincHl. We think the pleasure 
and Inst ruction which the book is calculated to ulTord, will well repay ft perusal. 
— TAe Prfjtbytttrian. 

The style of writing in^this volume ia simple and beautiful, as the story is 
affecting. — Boston. 'I'raoetUr. 

The book has enough Af ficiinn to enliven the fancy and gratify the ciirioaity 
of youth, who might not otherwise read it; while it conveys lessons of pietv, 
and argiiAents for the man of understanding. We wish that many a lovely 
Jewess could be persuaded to reml “ Miriam. B — Tkt PAiladelpkian, 

The work altogether deserves to stand high in the class of productions to 
which it iM'loiigs.— /:|n>co/ial JKeeordrr. 

When we see a book which bears the imprint oftCey dc Biddle, we are alwaya 
M;re to see a liundsoiae one. In this ense, we can give aa high praiae to the 
matter as we can to the niucliaiiical execution. 

** liifliieiice" was one of the very hi*st of that clasa of religious novels latisijT 
so prevalent in fingland; and its gifted young aiillior lias even improved upi>u 
herself, in this affecting ainl powerful story. She has taken that touching iiici< 
dent, well known tlineugh the medium of our tracts, of a Jewish maiden who, 
on her dying bed, won over her reluctant fallAr to the religion of the Jeaus he 
despised. , • 

It was a subject too good to be loft unimproved, and in "Miriam" has been 
embalmed, one of the most beautiful find delicate religious narratives we have 
ever read. No one w'hose feelings and sjmipathies are ^ncorru pled, can V>ruae 
this touching t^e, without feeling a strong interest, and that ^mpathy which 
will sonietimus melt them into tears. Upon the publication of Miriai^in Lon- 
don, it quickly ran through three editions, and we doubt not it will attain a 
co-extensive popularity here, where there is more freshness of the feelings, and 
a more deeply imbued spirit of rational piety, to appreciate the fine tone of reli- 
giouB spirit which pervades it.^JY. Y. Com. Adv. ** 

INFLUENCE; a Moral Tale. By the Author of Miriam. 

This is the title of a religious novel by the author of " Miriam,** which has 
just been pubfished by Key A Biddle, of Philadelphia. It appeared fita'ftlngland 
aHiumber of yecco ago, was very Shccessfiii at th# time, and was generally con- 
sidered as one of the best religious novels, which had everlieen written. In the 
preface the author states it as her endeavour to render imagination subservient 
to improvement, as well as recreation, and In this she has sueseeded. To thoaai 
who have read Miriam, no recommendation is necessary to induce them to ob- 
tain another book fhim the same pen. The typographical execution, like that of 
all the hooka published by Key A Biddle, is very creditable. — Bokom JBoontng 

0»tStf.€. 

Messrs. Key and Biililln have isshed a new edition of a moral tale entitled 
InfiuBnce^ wlqipb firoin the oound nature of the subject, weEhedlrfully recommend 
to all classes of readers. It is fVom the pen offtnlf author of JUirimm, a work 
Which Allied nfuch popularity from the decidedljsreligiouC principles therein de- 
veloped. InJLuenct is no less moral in its tendency, and the young will find in 
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ttie history of £//«s, tniicli that may initruct them how-to avoid the danyeroua 
effects of early iuiprcssions, which aeein attractive because o/othed in tlie garb of 
seductive pleasure. 

The autlior is as hap(^ in detail as in the selection of a subject, and has com- 
bined much that may amuse, with more that may be of mental benetit.^^t. Ktie. 

Messrs. Key 4c Diddle have given to tlie public another Hieautifhl- volume by 
the author of chat delightful tale entitled “ Miriam ; or the Power of Truth.** 
We are sure all who have perused the above mentioned story will*be anxious to 
posseM Injlucnc^ ^ 

ILLUSTRATIONS OF PULMONARY CONSUMPTION, 
its anatoqiical eliaracters, causes, symptoms, and treatment, with 
twenty -one Plates, drawn and coloured from nature. By Samuel 
G. Morton, M. D., Physician to the Philadelphia Alms-House Hospi- 
tal, I^ecturer on Anatomy, Meiiil^cr of the Royal Medical Society 
of Edinburgh; of tlie Phihidelphia Medical Society; of the Col- 
lege of JPhysicians anti Surgeons of the University of New-York; 
of the American Philosophical Society ; of the Academy of Natu- 
ral Sciences of Philadelphia, &c., &c., &.c. ^ 

7*hiB work is from thn press of Alloii 4c. Ticknor, noston, and is niipnf the best 
expoHttions of the nature, Kyinpttuns, arid mnrle <'*f treittiiieiit in consump- 

tion, extant. Tin: author lias Iwmui d«‘Vot«>d for HeverfO years to the investigation 
of this frequent and fatal malady; atul llie roHiiltof his iniiiiiries, reseiUrches, and 
varied observa lions, has led him Ur tlie mioptioii of means, tit*t only as proven* 
tivv, but, ill diie early htages, curative, which, if riircfully and fully pursued. 
Would ill most cases b<* productn'e of the iimst salutary resiilis. His post-mortem 
exaiHinnthuis have been numerous and divifrrihod; and the young prartitioner 
will, ill the record of apiM*arauceH, tind inueb vahiaMe iiinttrr in regard to the 
actual cotidirMiN of the hiiigs, and their appeiidtigeH, in the several stages of 
phtliisis. We can roiitlijeiitl^v roconmicmd tiK* work to the att**riti4>ii of pliysicinus, 
as one of groat value, and iti which they \\in find satirfartory explanatirns of 
tlio inortiid cfuidilions «»f the p.ilrnonary apparnluM, and a lucid and philosophical 
inquiry into lh(!.pathoh>gy *>i tli.* ilis^^'wse. Many rases, illiiKtrative of charnrter- 
istic aiioiiiaUnis Hyiiiploiiis, arc giuon ; anti the wled,* is nnidered more valuable 
by twoiity-oiie rirJily executed platex, druw'n and coloured frtun nature. — i*«na 
inquirer, • 

Ainting the new medical works rerpiitl^’’ piiMislif»d, none surpasses in novelty 
and Hlfvarwe llr. 8. <7. ntirttin’s Illustrations of Pulmonary Coimuinption, fVom 
the preHs of Allen Tirkiior, IkiHtou. Hy a scries of twenty-one coloured en 
graviiigSiathn volume exhibits a precise idea of the diseast* in qiTestiori, fVoni its 
origin in minute ami almost iiiirro«ropic tiilMirvles, itt llu> destnirtiim of the 
lungs by ttpeii aliscesscH, The trentiiiciit of the ilisease, iiirludiiig ihe inftueiice of 
chiiiate, is cxuinined at large and with much ability. We have no hesitation in 
believing that the work will prove a valuable acquisition for professional men, 
and espertally In those who, mini their residence in the country, are in a great 
measure tiebarrud from investigations of the kind embraced in this volume. — 
Aht. Gazette. 

JVtiip and Valuable fPork.— Tlie public, and especially the Medical Faculty, arc 
great 1y«%m^bt(Ht to Dr. Morton, the author, and Mussrs. Allen 4b Ticknor, the 
puhlistiers, for a new and vah.ahle work, entitled ** lllustmtiae^s of Piilmonc y 
Consumption, its anatomical character, causes, syniptoms and treatment.** which 
is einbellisheil with twenty-one plates, drawn and rnloiirefl from nature. The 
Mgh character and reputalion of Qr. Morton are a sudicient guaraiitee of the in- 
triiiHic excellence of the work, which we venture to say W'ill soon And its way 
into the library of every well rt^ad physician in the country. We will only add, 
tJiaf the IsMik is got up in a style every way worthy (as to its typography, bind- 
ing, 4tc.) of its merits. It is only lU'cessary to call the attention of physicians to 
it, to insure it an extensive sale..— Gum. iferetd. 

OBSERVATibNS ON STRANGULATED HERNIA, AND 
SOME OF THE DISEASES OF TUE URINARY ORGANS. 
By Jooeph ^arrish, M. D. 


av jniwjkas o. bcdsziB.. 

* HARPE’S HEAD, 

A LEGEND OF KENTUCKY. 

By James Esq. author of Legends of the West, dec. dee. 

ft is an*ablc production, characteristic of the writer's eminopt talents, and 
abounding w^th narratives and sketches of ab^rbing interest. The history of 
Harpe forms the ground-work (»f the tale, the incidents of which are developed 
with much ekill and etTect.—^Af/ad. f^azsf/s. • 0 

lfarp<;'s Head i8%ne of the nio«t interesting stories with W'hich we are ac- 
qtiainied. — /Mi/y CitrovitU, • 

Judge Hall is aiiiotigthe most popular of American writers, and in the present 
production, has given another proof of the felicity of his genius. .It abounds 
with narratives and sketches of rieep ^terest, relating to the qprly periods of 
the setllenieiit of Keiifiicky. — A*. Y. Com. Mo. 

Mr. Jamkm a native i>f riiiladelphm. and favorably known as the author 

of Legetifls of the West, has just piiUiAied a new work, entitled IIarpb's 
IIkad/.^ Lf frond «f Keuiurku." It is well calculated to add to his fbiiie, and 
though it boars ovidenci's lU being a Imsty composition, reflects great crtHlit 
upon the author. It is the story of Micajah llar|ie, a Kentuckian freebooter, 
and the scene chances from Virginia, in the olden time, to Ohio and Kentucky. 
The account of a f^irffinia Barbee no is so well and natitrally executed, that it 
iiiiist become a fuvoriti*. At is here inserted as a favorable specimen of the work. 
Miss PendleMn is altogether lovely. — Poutoon'M Daily Mo. 

With the ordinary chffractors which must be found in such a composition, we 
have one quite original h(4ng, in the |iersoii of ** Hark Short, the snake-killer;** 
and the production, as a whole, forms one of the most engaging volumes that 
wc have met with. To its other im^rits wcaHliiiuld not omit to add that, like 
other w'ritings from the stiiiie pim. it is distinguished by an unobtrusive tone of 
the jiurest moral sentimetit. — Ponn. ln*/uirer. 

We cheerfully commend this work to the attention of our readers assuring 
them that they will be amused, entertained, and instructed by its pi>rtisal — they 
will And Indian warfare,-— savage tiKwlrrs of life — the ditlicultics and dangers 
experienced by the early pioneers in the ** far, far west'* — delineated with a 
master hand, in language glowing, vivid, and natural . — ^fhtional Banner, 


THE ITALlA'i^ SKETCH BOOK. By an American. 

It contains rich and glowing skerrh^s of Italian srenn^, manners, Ac. and 
will be read with much pleasure by all^vho feci an interest in that land of poetry 
and the arts.— j9e.yfan Merr.autife Journal. ^ *• 

We commenr^the above book to all admirers of beauty, originality, and artist- 
like taste. — n^ty Mcertieer, •# 

The elegance of his style, the ease and tact which he displays in the choice and 
handling of the subject, and above all the bright halo of moral beauty and glory 
shed over every ruin and every landscape, each scene of religious pomp, fes*fvo 
enjoyment, or domestic seclusion, have imparted to an apparently threadbare 
subject a new' and fascinating interest. — Com. Herald. 

The author does not in general attempt to describe these objects or scenes; 
indeed, it is next to impossible to render such desf^iptions interesting, but he in- 
vests them with the associations they are calculated to awaken, andahi sws over 
fliem the rtrli lilRit of Just and natural sentiment, and thus probably conveys a 
stronger iiniires:»ion of their real interest and lieauty, than he could communicate 
in any other way. 

To all the adiiurcrs of beaiitifiil, ri«;h and glowing descriptive of scenery, imm 
we unhesitatingly recommend a perusal.— Best. Mv. 4* i’at- 


THE YOUNG LADY’S SUNDAY BOOK: 

A Praotical Manual of the Chriatian puiie»of 'Piety, Benevo- 
•lence, and Selt-Gtovernment Preparea with particular reference 
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to the Formation of the Female Character. By tiic author of **The 
Young Man's Own Book.” Philadelphia. Key & Biddle, 183!). 
32mo. pp. 312. 

We have read many of the splectioiie in this little volume, and have met with 
nothing object ion able — ficiiernlly, the style is pure, easy, a .rl pifasing, and the 
matter giuMi, calculated for tlie purpose for which the work is intended, 
and we cheerfully recoinmend it to tli»* persons for whom it is prin^pally design- 
ed, as prohtabht |t>r in«triiction.*^i'^/>Mre|iM/ Rttcordtr. 

A most ttttrac*'Vf! little V(V>iiiie in its appitarnncd— and in this age if sweeping 
frivolity in literature, of far superior excellence in its contents. Certainly some 
such iiiuniinl was reqiiirnl for the closK'-wlieii novels and light reading of every 
description have isi ruled pararnnuiit in the drawing-room. We can give it no 
higher praii«p tlinii l«) say that the extracts arc of a character to accomplish all 
tiiiit the title-paye hidds out.—JV. Y. Com^dv. 

A rolh'ction of fxr.i lleiit mnitinieiits (roni approved authors, and adapted par- 
ticularly to till* fiinnntiou of the fi'iiiah* character. The chapters are short, and 
embrace a great variety of snbji'Cls of religions tendency, and altogether the 
hook is repk-tc with iiistruclioti. If.is illnltrateil by two pretty engravings. — JPrss- 
byterian. ** 

Ah the lyililic feeling now runs, the publishers of this little work have done 
well by their elTort to keep it in a proper channel. The Voting Lady's Sunday 
Monk is altogether practical in its cliarncler, and consisting, as it does, of short 
pieces, takes a wide range in its siihjerts. 

ft is calciilnled to do goitd. and we should be happy to sec the principles incul- 
cated ill the portions we have read become the ruling pfinciplea of all . — Journal 
mnd Tttegraph. •• 

Messrs. Key dc Iliddle have Just iMsited a volume of the most beautiful kind, 
entitled 7 '/is Youttg Isatfi/’H Huudai* Bmdt. It is full of pure, didactic matter, the 
hriiits of a iiious mid gifted mind ; and while the clearness and light of its pages 
coiiimciid tiiein to th** eye, the truth of tlie precepts finds its way to the heart. 
The wo.‘k can bo iniheKiintiiii'ly praised, ns worthy in all reKpiirts. The eiiibel- 
liNliiiients are finished and tasteful. *' A/erhVu/nm," the frontispiece, firoiii the 
burin of EIU»^ would add a grace to any annual. We trust Messrs. Key dt Biddle 
receive a libcfral patronage I’rnm th«' religions coinniunity, for we know (»f no 
fMioksellers in liiis country ivlio issue more irood volumes calculated to subserve 
the iiiiniortal interests of niuii.— /Vn/nrl. Ooi. 

SEFjP-CONTROIj; a Novel, in 2 vols. By Miss Brunton, Au- 
thor of Discipline. 

Messrs. Key A; Biddle have just issued kn edition, in two well- printed duoile- 
cimos.of Miss lirnntoirs novel " SH|f-t;onlr«>l,” which has passed through several 
editions in Kiigluiifl, and become Justly popular tii the United States. Tliey in- 
tend to rapriiit in like niaiiiier ** Discipline," u novel of the saiiie ,nst and erpial 
repute, by the same author. Tfw iiiatter of these works Justifies the titles, whirli 
indicate the moral lessons that Miss Bninfon has siirressfulty endeavoured to 
impress on the hearts ami r<mduct of her readers.— JVht. Oar. 

mf«r-CnNTaor., hy Rrunten . — We well rerollect the sensation this novel 

produced on its first p-ililicution ; it was much adminMl, and iminediately took 
rank as a standard novel. |t has now betMi reprinted and published by Mi'ssrs. 
Key Jk Diddle, wh>> have shown guml taste tii so iloing. Miss Brunton is a 
pleasing and very agnsenble writer. The events of tlic story are natural, while 
tlH^y t-ae feelings, and at the same time convey a moral h^on— that inor*^ 
Hi, “do right and trust to Provhlence for the consequences." Hen-Control is one 
of the very few novels we should he willing to place in the hands of young 
(bmnles.— Cfin. //sra/d. 

'"Mt'ssn. Key St fhddle have given the world a new edition of «* Splf-Coiitn»!.*’ 
by Miss BniiiUii, a work that has stiKxl the tiud of critirisin, and been pronounceil 
worthy a place among tlu' best novels of the age.— 17 . & Oat. 

This is oar* of the tVw works that may be p,;nisod a second and even a third 
time with pleasure and profit. It pa^ed thr >iich two editions in London, in a 
; very biwT poricMi. Tl;;* authoress understands huiiian natiin', and her pictures 
of passion, of life oiid everj-’dry incident, are remarkable for their fidelity.— 

. PhHad Oaxette. 
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DISCIPLINE ; a Novel. By Miss Brunton. 

Of this prcNiuctitw we are | in ‘pared to apeak in term* of high praim. tt fa an 
imaginative work of ntfire than ordinary jiiti‘rest, and fVoin ita decided moral 
tendency, is well calculiite'l to be iirod active of good. . * . . 

The domcHiir scenes are admirably p4irtrayed^iid the various positions andcir* 
cuinstaiicfnt of the p.^rsonagi^ of the story, arc such as to omiiienily display the 
graphic talhnts of fair uiilhorcss. ^ ^ 

we scarcely know of a work th.'it could be more profitably read by all classes 
than the one hefire ns, aiid we confideiitly recominifiid ir to the young of both 
sexes, as a production with which they will not only be amused but instructed.— 
U. S. Gazette. • 

To those who wi.<li to make agrecaftle fiction subservient to flic great end of 
inculcating whfdesome moral troths, we can warmly commend this excellent 
novel. It conveys none but tin* best seislinicnts— sciitiineiita which will find a 
willing reBpf>use in cv«‘ry Chrisilun bodtim ; and the style ia ua pure as the truths 
are elevated.— Penn. illy. 4*«Ciiuri>r. • • 

TALES OP ROMANCE, FIRST SERIES. * 

This is not only an nncoiiinioiil}' neat edition, but a very entertaining book ; 
how could it be otherwise, when such an array of authors as the following is 
presented— 

The work confnins Ati’s Bride, a tale from the Persiab, by Thomas Moore, in- 
terspersed with {Hirtry. The f^ast of the Idnc, by Mrs. S. C. Hall, an author who 
sii«laiiis% reputation which every sticceediiig production greatly enhances. The 
Wire Merriiaiit's Btory, by the author of tlw King's Own. The Procrastinator, 
by T. Crofton Croker. The iiSpanisli Beadsinan. The legend of Rose Rocke, bv 

the author of Stories of Waterloo. Barbara B— , by Charles Lamb. A 

Btory of the Heart. The Vacant t^hair, by J. M. Wilson ; and the C^ueen of the 
Meadows, by Miss Milford. 

This voliiniu has no pretenKinns to the inculcation of mawkish sensibility. 
We have read every word of it, and can confidently recommend it to our firieniu. 
Journal BelJcs JLettreo, 

OBSERVATIONS ON THE CHARACTER AND CUL- 
TURE OF THE EUROPEAN VINE, durinjr a residence of 
fivo years in the viiie-^rowiiifr districts of France, Italy and Swit* 
zcrlaiid, by S. 1. Fi.sher, to wlficii is added, the Manual of^ Swiss 
Vigneron, as adopted and recommended by tne Agricultural Socie- 
ties of Geneva and Berne, by Mons. Bcin Chappius, to#vhich is 
supofadded, the art of wine making, by Mr. Bulos, member of the 
Institute of France. 

LETTERS TO AN ANXIOUS INQUIRER, 

Designed to relieve the difficulties of a Friend^ under serious hnpressiunB. 

^ BY T. CAJILTON IIENJY, D. D. ^ 

Late Pastor of the Second Presbyterian Church, Charleston, S. C. 

With an Introductory Essay, (in which is preseiRed Dr. Henrjt^ 
Preface to his Letters, and his Life, by a friend). ISy p. T. BedeuT 
D. D., Rector of St Andrew^s Church, Philadelphia. 

It is an important volume, and is an indispensable auxiliary to a proper eon* 
temptation of the most important of all aumecta. The work contains a vciy 
Judicious Introductory Essay, iVom the pen of the Rev. ^ Tv Bedell, Hector of 
St. Andrew^ Church, in this city.— Sat. Pog.9 

In a revival of religion among his own peopl«% Dr. Bedell Ibund this work use- 
fill, and was led to eeek its republfcation in a cheap and neat form, fiir the advan- 
tage of those who cannot afibrd m purchase costly volumes. Wg hope the work 
may prove a blessing to all who shall read PkilaHetplHan, • ? 

liiese letters have been for many years highly valued for tUb nraetlcal and ap- 
propriate Instruction for which they are principally designed.— PrssSjrtspfem 


WORKS RSOSNTX.T PUBXiZSKED • 


YOUNG MAN’S OWN BOOK, 

A Manual of Politeness, Intellectual Improvement, and Moral 
Deportment, calculated to form the character on i. solid bMiSs and 
to insure resiPjctability and success in life. 

The attention of the publiBhcm-waa drawn to this book Iw the rerommenda- 
tion of a dintingffiHhecf of the ** Society far the Diflimioii. of Ueeful 

Knowledge.** Ite rec4;ption liy the public, and aalc of upwards of Umi thousand, 
will hilly bear out its ^ liaracter as a valuable preseut for youth. Parents and 
Guaniians are invited to examine it, and are assured that they will find it a 
model to forrp the mind of youth, and prepare them to fulfil with credit and 
Jionour their future respective stations in Life . — London Spectator, 

Its contents are made up of brief and well written essays upon sulijects very 
judiciously selected, and will prove a^.^usvftil and valuable work to those who 
give it a careful reading, and make proper use of those hints which the author 
throws out . — Booton Vraoeller. - ^ 

Wn cheerfully recommend a perusal or the Yo.ing Man's Ow'n Book to all oiir 
young frieii.lH, for we are convinced that if they read it faithfully, they will find 
themselves bf»th wiser and better.— PoMsgr JHen'a Advocate, 

In the Toting Man's Own Book, much sound advice upon a variety of im- 
portant subjects is administered, and a large niiintier of rules nre laid down for 
the regulation of conducti, tlic practice of which cannot fail to insure respecta- 
bility.— Sktarddy Courier, 


FOX’S BOOK OF MARTYRS. A Universal History of Chris- 
tiaii Martyrdom; from tlie birth of our Blessed Saviour to the 
latest periods of Persecution. Oritrinaily composed by the Rev. 
John Fox, A. M., and now corrected throughout ; with copious and 
important oflditions relative to the Recent Persecutions in the 
South of France. In 2 vols. 8vo., beautifully printed on fine and 
remarkably strong mper. Being the only complete and unmutilated 
edition of tliia work ever presented to the American public. Em- 
bellished with a portrait of the venerable Fox, and sixty engravings 
illustrative of the sufferiiigs of the Martyrs in all ages of the world. 

ITALY ; with Sketches of S^in and Portugal. By Beckford, 
Author of Valhek. 

Messrs. Key and Biddle have just publishnil Berkford's Sketches of Italy, Spain, 
and Portugal, vnis., an extract Ooni which will be found on our first page. 
This* is one of the most interesting works we huve met with for many nioiitns. 
The stylo is chaste, lively, and graceful— flowing and sparkling like a silvery 
fountain over a m^bbly ctjarniel. Mr. Bi'ickfurd being one of the wealthiest pri- 
vate citixens in £urop«, and having, as his sketches show, a highly cultivated 
mind, and polished iijniinvrs, found ni» difficulty in gaining access to the very 
highest circles of society in the countries through w'hich he travelled ; and ho 
has, with' aifiiiira hie and bewitching skill, sketcheil the manners, customs, and, 
peculiarities of the people with whom he mingled. The work is^he of the most 
pi>piilar that has lately boon issued firom the I^ondon press, and we have no doubt 
I will meet with a very extensive sale in this country. — Gbai. Herald. 

SYNOPSIS OF THE ORGANIC REMAINS OF THE 
cretaceous group op the UNITED STATES, illus- 
trated fay nineteen plates. To which rip added an Appendix con- 
taining a tabular vCaw o^^the tertiary fiwsils hitherto disfipvered in 
Nprth America. ^ By Samlel George Morton, M. D. member of 
the American Philoeophicai Society ; of the Academy of Natural 
Sciences of Philadelphia ; Corresponding member m the New- 
York Lyceum of Natural History; of the Albany Institute, dto. 

m ' ' ' 
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A PRACTICAL VIEW OP THE PREVAILING RELTGL 
OUS SYSTEM OP PROPESSED CHRISTIANS, IN THE 
•HIGHER ANR MIDDLE CLASSES IN THIS COUNTRY, 
CONTllASTED WITH REAL CHRISTIANITY. By Wm. 
Wilb«jrforPe, Esq. With an Introdutory Essay, by the Rev. 
Daniel WilsoiL A. M.^ late Vicar An^ington, «ow Bishop of 
Calcutta. 

We are to perceive that Mepirs Key and Biddle, Philadelphia, hove laeiied 
a HOW and liamlsoine edition of the celebrated work of Wilberfcirce, “ on tlie 
prevuh^iit reli;;inus Bystein of profesi^ claristiaiiH, in the hi|^h3r and middle 
clfisBeB of Etitfland, contraMted with ivat chriatiaiiity." 'J'he treatine wa« |Njb- 
lishrd nearly forty years ayo ; it has pamcd through many editiuiia, and been 
Bubjuct to the rrtticisiUH of the most d^:eriiinff reviowors. It was UHhertsJ into 
notice by the litiTnry and reli};ioiiH laTTHNlie^Ia of the time, and has become a 
standard work for thr*<il<tffi9al BtiideiitB and pious families. 'I'hc desiiita was to 
arouse the iiati«»u and especially the higher orders to a Just view of:^lie neglect 
of real Christianity, and it had an astonishing nfll'Ct in aw'akeriing inquiry and 
profliiring uscfol d'lnf'iission. The plan was new, and the style and spirit in which 
It was etecateil, were ni^iiew* as the siibji»ct. TIm 5 Introductory Essay of sr'venty 
pages by the K<.w. Ua.ii'.'l VVil.*4.)ii, is well worthy of pL*rii8al. — Boat, Courier. 

• - 

PAROCHIAL lifeCTURES ON THE I*AW AND THE 
GOSPEL. By Stephen Tyiig, D.Dd, Rector of St. Paul's Churchy 
Philadelphia. 

As an evideiicp of the great value of the work, «he publishers beg leave to sub- 
mit the following letter A’om Dr. Alexander; — 

JMeaara. AVg 4* Gen Clemen ; Your request that I should hirnish you 

with a recoiriniendatioii of the Rev. Dr. Tyiig’s I^cr.tiires, “On the Law and 
Gospel," has In^.mi received. In answ*er I feel a perfect fVecdom in declaring, that 
in my huiithle <ipinioii, these discourses, recently published in The Christian 
Library," ere so'in<kand evangelical; and well calriiiated to lead men to just 
views of th'dr Hiiiful and miserable conditidh. ns transgressors of the holy and 
immutable law oi God : and of the only imdhod of recovery from this deplora- 
ble slate of guilt, |M*lliiti<iii, and bcIplesKiicss, throiiyh the iierfbct righteousness of 
oiir liDFiI aufi Saviour Jesus t'hrtst, atfd the .saiictidration of the holy Bptrit. 

Th • authiir of tli.»se Lectures has laid a solirl foiin^ition for the vieiPs w'hioh 
he gives of tin? gospel plan of nulemption, by exhibiting the holy law of Goil, in 
its iiiiiisiHHisglTli* obli. 4 nti<in, its universal extent, its spiritual niitiire^and aw'ful 
per-iltv. It i.s only by such an exhibition of flie law a.s is here given, that sin- 
ners will be led to appreciate the salvation of the gospel. Our estimation of the 
value of a remedy always liears a relation to the impression which we have of 
the malignity and inv.'terary of the ilisease. Mistakes res|»ef:ti?i;j the law airways 
run through, and vitiate the whole system of theology, with whirh they are con- 
nected. Ni»t only is the error of Antinoiniaiis great anil dangerous, but often 
they, who df'claiiii most loudly against these avow'cil enemies of the law, fall into 
I a simifar f*rrnr, mi the other extreme ; for the proverb is verified “ that extremes 
often meet.'* f refer to all those (and they are Rumeroiis), who tencUth»^ the law 
«f God no lonji^ requires perfec# oliedicnce, hii^only that which is aincere. and 
within the |K>wnr of fallen man ; that Christ, by his meritorious ileath, has pro- 
cured a rrlnratron of the moral law, so that sinners ran still be jtistidcd by their 
own evangelical obedience. This system, howevifr s|mriouR a^d popular, is Anf^^ 
nomian, and more dangerous than open Antinomiaiiisin, bf^Taus'? more plaii-iible, 
and more common. The foundation on which such opinions rcA, is completely 
swept away, in these lectures on the law. 

The author is equally clear and explicit on the method of justification by fkith. 
While, by so many, this cardinaUdogtrine of the reformation is p<?rv<?rted, ob- 
scured, or placed in tiie back ground, it is pleasing to fl^ any one diepns**d to 
come forwitW boldly in its defence, and at the saraettiine tiTViinrd it against abuse, 
and to show that its tendency is not to siibvert^wt to e8ta|||ish and magnify lb# 
law. The discourses on tlie gospel, are a fair Aiuntorpart of those on the law. 
They are rich in evangelical truth, and adapted to introduce and guide men into 
the way of salvation. I do, therefore, conlially reeommand thes^ Declares to the 
serious and candii perusal of all into whose hands they mi^ come. TIk-fe act, 
indeed, no prettinesses of style, nor flowers of rhetoric to be found here. Tho nn- 
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tbor was too seriously intont upon bis great ohjfict of saving sinners firom eternal 
mill, to turn aside in pursuit of sueb embellishments. 

Bill I'nienn not to make myself answerable fV>r every minor opinion, or form 
of expression adopted by the -author. From a few things, aSLexpressei^, I would 
djKsoiit ; but cwoff in regard to these, niH>n close examination of the meaning, I 
hai'e been IimI to conclude, that the difhirence of o|iijiiun is more ii^appearance 
thoti r«*ality; more in words tliiM|pn things. 

It will be readily. believed tJCalVheve penned the above rccqpnmendation from 
a sincere desire to give extennive circulation to the truths hiculcated in these 
discourseri, and not from any partial or sectarian feeiings ; since, with the author 
I have not the pleasure of niiy personol acquaintance ; and since he is a minister 
of a denomiiiAtion to which 1 do not belong. 

• I am, vecy respectfully, yours, &c. 

Princeton^ JV*. J. Sept. 30, 1834. A. ALEXANDER. 

A MANUAL OF THE CpRIOTTAN SABBATH, embracing 
a consifieration of its Perpetual Obligation, Change of day, Utility, 
and Diith^s ; ^ John Holmes Agnew, Professor of. Languages, 
Washington Cfollego, Pa. ; with an Introductory Essay, by Uie 
Rev. Dr. Miller of J^rinccton. 

This iH a vnlunlilp work, well adapted for general circMl-Uion through Vi : com- 
munity,— and truth requir;<f) uh to Hild. it is a lK)ok which is greatly needetf. The 
infonijntion it gives, could it Ih> imparted to the many, miglit save our^coiintry 
from the greatest evils which threaten it. The subject it discusses is one of in- 
conceivahle inonient to the i rilerests of religion, and to the prosperity of a Thris- 
tian people. The introductory essay is nhly written. ’I'he farts and considera- 
tions it contains on several branches of ihe geiiernl subject, are worthy of the 
BOecinl nttentinn of renders nfS-very rlass. I’he writer’s statements res{H*cting 
the views of the riirivlian Sabbath, entertained by the primitive churches, and 
the manner in which they sanctified it. are highly interesting and instructn-e. 
Mr. Agiiew’s Maiiital is divided into f]\’e cJia piers, on the following subjects ; the 
institution of the Sabbath ; its perpetual nhligation ; change of d.'iy ; its utility ; 
and its duties. Under these several heads, the claims of tliis wise and benevolent 
institution, reared for the wlnde world, for the benellt of man through all time, 
are presented with great clearness ilnd ability. The argument of the author on 
the meral nature and nerpetuat obligations of a weekly Sabbath, to lie devoted 
exclusively to tlie service of Ucsi, is Picid, forcible and well sustained ; and to an 
unprejudjce<l mind, satisfactory.— JSusrAcrn Tflcgrapk. 

THE FAMILY BOOK OF DEVOTION, contniping a Ser- 
mon nud'Prayor for every Snblmth Evening in the year^; together 
with Prayers ftir morning and evening devotions, and for seasons 
of cV>mestic atHictinns. Selected and arranged, with an IntrcMluc- 
tory E-ssay on the Importance of Family Worship, by the Rev. Her- 
man Hooker, A. M. 

TRTifT,.^, AND TRIUJVIFHS, comprising the Convict’s Daugh- 
ter, and the Convert’s Daughter. • ic- • 

There is no tragedy so nffheting as that of private life. The writer of this 
powerful volume has selected two subjects of very great interest. Ilia obaeiva- 
tfMlli u|ioii men and' manners, pictures of society, and sketches of idiaracter, are 
shrewd, just, and original.— Cbvrf Jeumal. 

These stories are written with great taste and fbeling, and the incidents are 
worked up with ingenuity and interest. — BeiCs Mettaenger. 

The author of this volume Is a Mr. Rich.irdsrn, of Baker Street, London ; and 
though lufla^-s claim ti^jibut little merit, the reader of his stories will give him 
enslit for much, and thn hook tf*iV find its w'ay without dilflciilty to dK'liigh place 
111 the general regard^ Thpre are but two stories, the “ConvIctVi Daughter.'** and 
the “Convert's Daughter.'* Them tales exhibit a deep acquaintance with the 
human heart, and faithfully portray the positive evils of vicious propensities, 
and the jrlfwious Vesiilts «f li rigid and fhithnil adherence to virtuous principles. 
The moral is excellent, and no one ran rise from the* candid perusal of these 
pufss, without being wiser and better. — Boat. 7V«nsl/sr. 
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THE HAPPINESS OP THE BLESSED, 

Considered as to thi particulars of their state; their recogrnition 
of each other in that state; and its difTerence of degrees. To which 
are added, Musings on the Church and her Servicffs. By Richard 
Mant, D. D. !Vt\ R. I. A. Ijord Bishop (»f Down and Connor. 

Tliti rtuffi^ri of thi: Uuv. atitlior yi this iircMtiictioiif is to adduce fr(«iii script iiral 
authority, iho most Hatisfiu iosK nvideuce of tin; hni^^iiiess and joy of lIiohc who 
by faith follow ChVist, and who, in the uxerciMo of those virtt(js required by the 
ftospcl, are cniphalicnily deiioiiiiiiated the children of God. The author has 
tounlieii upon several topics cojinected with the subject, which must aflford iniicb 
consolation to tlie t'liristinii, who, fmin the very nature of his organization, is 
liable to doiiots ami fearful forebodings as to the state of his heart and the 
gtonntls of his fitllh. '* 

t'hristinn hope., confidence, and cliaritv. are stamped upon every page, and the 
writer deserves well of the t.’hrisiiaii iii/|iyrer, for the industry which he has dis* 
played in cnilecliiig and nrranging.so mniiy imr>ortant and valuable arguments 
in favor of the glorious and respleiulent fitate of the fiiithftil and humble disciple 
of Jesus. 

Ill this world, irinnkind have need of considation — of the cup of sorrow all 
must drink— happiness i- a phiiiiioiii, a meteor, beautiful and bright, always al- 
luring iiH hy its glow — forever within our reach, hut ctcy^nally chiding our grasp 
—but this slate of things was designed by on r Creator for our benefit — it was 
intended tn withdraw oiis atteciiotiH from the shadowy bi>« 1 unsubstantial pleas- 
ures of the world, to ttu; Father <>f ail in Heaven, aiuUto prepare, by discipline 
and zeal, for a state, beyond the grave, <tf felicity, which eye hath not heett, ear 
hath not heard, niuther hath it enterini into the heart of man to conceive of. To 
onr renders we chei*rf.illy commend this delight ful volume, confident that by its 
perusal the faith of the douhtful will be confirmed, and the atiiicipative hope of 
the confident increased. ^Christian's Afaffatine, 

We take the earii<;si opportunity of introducing to our readers this excellent 
^ little hook, to which the deeidy interesting nature of the subject, and the well- 
earmal replication of the Right R(>v. author will secure no iiicorisiderablu portion 
of attention. The vast importance of the topics herein treated, and the valuable 
practical effects they may assist in prislucing, induce us to call thus early the 
public attention to a work, siiiall indeed in size, but which is calculated not a 
'[ little to iiiforin all candid ami serioics inquirers into a subject hitherto involved 
ill much obscurity, butjiot a little elucidated by the present author . — OtnU Mag. 

YOUNG I.ADY’S OWN BOOK, 

A Manual of Intellectual Improvement and Moral Deportment. 
By the author of the Young Man's Own B(x>k. 

Messrs. Key it Bidillc, of this rit>, have published a very neat little volume, 
eiititleit The Young Laily's Own Bo4>k. Its cfintents are well adapted to its use- 
ful ptl>pOSO. — JVh/. frflt. 

The Young Lady's Own Book seems to us to have been carefully prepared, to 
comprehend much' and various instruction of a practical character, and to cor- 
rosptmd in its contents with its title. — Yuung Men's Jldnocale, 

The Voiiiig^ Laily's Own Boqk, embcdlistied with beautiful engravings, should 
be ill the^JiaiuTs of every young fmiale. — hiquirf^. i ^ 

Alt the artir,h;« in the Young l4ady's Own Bonk are of a useful and interesting 
chniactor.— A*. Y. Com. .ado. 

ffk. ^ 

TAIJ3S OF ROMANCE, SECOND SERIES. 

The Tales of Romance, which Messni. Key it Biddle have just published, are 
altogether above the ordinary collections of the day. Every author included 
among the, contributors to the volume, has acquired previously a distinct reputa- 
tion ill other works! B*A'h names as Malcolin, Roscoe, and others, will be suffi- 
cient to give an idea of the inc^'its of these Tales. The story of'Vazio, fVom 
whence is derived tKr tragedy that name, is well and concisely told. We 
shall present the best part of it soon, to the readers of the Intelligeucer.— 
Intctligenter. o 







BV SmWJLHB O. BZDBXA 


GENERAL VIEW OP THE GEOLOGY OP SCRIPTURE, ^ 
In which the unerring truth of the Insured Narrative of the 
early events in the world is exhibited, and distinctly proved, by the 
corroborative t^timony of physical factg, on every part of the 
earth’s surface. By George Fairholme, E^. * 

The worlf before us in admirably calculatatf to enlighten the mind upon the 
■ubjtict o^Crentioii, and weeiave rarely perused aSMrork whic^has added so much 
to our stock of idtas. nr which has given so much gratifleation. If the limits of 
our paper permitted, we should take pleasure in laying, before our reiders an 
analysis of the contents of this excellent production, but as that is out of the 
question, we must refer thron to the W(»rk itself, where we can as^re them they 
Wilt fliiii an abundance of iiiforuiatiun on the important subj^t of Creation. — 
Phil. Uaz. • ^ 

7'he Geology of t^ripture, by George^Fairholme, Esq. is an admirable work.^ 
The circulation of it should be exteiinve; and. Judging from ita intrinsic merit, 
such is its destiny . — Chrmyan Gaiefte.^ * 


LIFE OF WILLIAM COWPER, ESQ. 

Compiled from lys correspondence and other authentic sources 
of infl^rmation, cojitaining remarks on his jyritings, and on the 
peculiarities of his interesting character, never before published. 
By Tlsomas Taylor. 

Taylor's Life of Cowper tins several pri\^te letters of the poet not found in 
other works, which serve to correct luany false impressions* relative to his men- 
tal aberration. It is due the cause of liuiiiaiiity, and of Justice generally, that 
the truth should be received; vspucinlly when. Eh' aftbctiiig the character of so 
great a man ns Cowper, it in a great muanure touches the whole of the human 
kind.->f7. A. Got. « 

A comprehensive and perspirnoiis memoir of ('owp(*r has been much wanted, 
and will be read with gratification by the admirers of this amiable and pious 
man, whose acconiplislimeots, exccdltuicies. and peculiarity of character, have 
rendered him an nlijiect <if interest to the wyrid. Wo are iintcbted to Mr. Taylor 
for his excellent work, and for the liapp^ manner in which it has been accom- 
plished . — Boston Prar. * 

Thirty years nearly have pa.sscd sigee we first read with great delight Hayley's 
Lifp of Cowp.''r, and we have never cast mir eyes oii^ln; voIiiiiihh s'lici# without 
wishing to unravel a few things in the poet's history which wore then left in 
mystery. Ta^rlor profi sses to deal o|ienly, and mt'oove all roficealiner.t. In one 
beautiful vr^iine, he has iriven usglie suh.«raiice of all which is kiiciwn concern- 
ing the most sensible and pious of all the English poets ; whose writings will 
be regarded as the best of their kind w'hsr^ver the English lafiguage shall be 
read. In all his numerous works, he has no line of measured Jingle wi'/ioiil 
sense. Can this be said of scarcely any other chil I of the muses? Those who 
have Hayley's two vnliimes, will be thankful for the labors of Taylor; arid those 
who have neither, should purchase this new couipilatioii without delay It is a 
work which will be found interosting ti» all classes, es|>ecinlly to the nvers of 
literature and genuine piety, and to place w'ithin the reach of general readers, 
many of whom have neither the means nor the leisfjre to consult laiker <4-orks, all 
that is really iiii.6resting respecting that singularly afflicted individual, whose pro- 
ductions, both poclicand prose, can never be read but w'itli delight. — PfUladelptuan. 

Messrs Key A: Biddle deserve credit for placing within th^reacb of all, i^gp 
cheap and citiiveriient a form, what must be salutary in every instance in its 
general effect. The character, pursuits. pr*rforiiiances, and sufleAngs of Cowper, 
combine more interest than belongs to the life of any of the great English au- 
thors who spent any considerable part of their days iii retirement.— JVaf. Gaz. 

A beaiitiful American edition, from the press of Key h. Riddle, has Just been 
published, and cannot fbil to meet with a welcome re<sptiAn firom im who ad- 
mire that Rst of men and notst agreeable of pPt^. It is the most complete and 
valuable edition of the Life of Cowper extant, gnd contains a well-executed por- 
trait. — Poulson's Daily 

ih... 



woHKS rwajaasBD w ^eararjiMp o. aropija. 

LEGENDS OP 'inE WEST. ' 

By James Hall, second edition, containing the following beauti- 
ful told tales: — The Backwoodsman; — The Divining R^; — The 
Seventh Son ;e— The M&sionaries; — The Legend of Carondolet;— 
The Intestate; — Michael De Lancey ; — ^The Emigrants^ — ^The In- 
dian Hater ; — The Isle /}f me Yellow Saads ; — ^The Barrackoias- 
ter’s Daughter^^ — ^The Indian Wifo's-Lament 

We are glad to aoe a new edition of these well-told talea of Judge Hall has 
recently been published. — Boat. Eve. Oaz. 

The deserved pppularity of these tales of Judge Hall, have secured to them the 
publication of a second edition. His sketches are admirably drawn, and his 
personal familiarity with scenery and It^B in the West, have famished him with 
incidents of peculiar interest, greatly incased by felicitous description.— A*. F. 
Com. Mn, ' ^ ,, 

The rapid sale of the first, has created a demand for a second edition of the 
work, whriLe title heads this article. i 

The “ Legends'* roinprise twelve articles, one of which is poetic. The scenes 
' of these tales are all located in the ** far, far West," and^|he characters are taken 
' from the aborigines and early emigrants. The difficulties and dangers which the 
first settlers bad to und^go ere they were established iih security, are depicted 
in glowing colors, and with a master hand. « 

The rude and savage warfare of the Indians, the secret ambuscade, 4hc mid- 
night slaughter, the conflagration of the log hut in the prairie and forest, the 
shrieks of consuming women and i^iildren, are presented to our minds by ttje 
author in vivid anddmpressive language. These tales possess much interest, as 
they are founded in fact, and are Illustrative of the habits of the Indian, and 
the life of tha.hunter. As a writer. Judge Hall is more American than any other 
we possess; nis scenes are American ; his characters are American, and his Ian- 
’ guage is American Ilis personages ore invested with an individuality which 
cannot be iiiistakeii, and his conceptions and iJiustratioos are drawn firom the 
great storehuuae of Nature. — £>at/y ItUoi. 

THE PROGRESSIVE EXPERIENCE OP THE HEART, 
UNDER THE DISCIPLINE OP THE HOLY GHOST, FROM 
REGENERATION TO MATUHTTY. By Mre. Stevena 

This IS a work which nfuy be recommended to religious readers and to serious 
inquirers, with great safety. It is WTitten in an impressive style, and is evi- 
dently thei-prodiiction of a mmd and heart Jthnroughly imbued with Christian 
knowle«1ge and ex^ierieiice. The operations of the Iloly Ghost upon the soul of 
mail, arc traced with a discriininati'in which nothing but a personal experience 
of his influences could have furnished. Doddridge's Rise and Progress of Reli- 
gioiO-in the Soul, is an admirable book on this subject, but Mrs. Stevens* treatise 
deserves an honourable place at its side. Ministers of the Gospel should consult 
I the spiritual welfare of their people, by recommending and promoting the circu 
lation of such works.— PresAyecriaa, 

ON^^TFiE DIAGNOSIS OP THE DISEASES* OP THR 
CHEST ; derived from a comperiBon of the Physical Signs with 
l^,o Genv;ral Symptoms. With a new classification of the Physi- 
cal Sigfns accorainpr to their relative importance and greater or less 
focility of acquisition. By W. W. Gerhard, M. D. 

PRIISrCIPI.ES OP PATHOLOOT, AND PRACTICE OP 
PHYSIC: by Johi]^ Mackintosh, M. D., Ijectiirer on the Practice 
of Physic in Ekl inburgh. ^ With notes and additions by A G. Mor- 
ton, M. D., authefir of lllust.ationsof Pulmonary Consumption, d&c. 
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IZSD BIT BBWBJEUO O. BTDbXiB. 


A BOOK FOR MOTHERS, 

Aida to Mcntad Development, or Hints to Paren^ being a Sys 
tern of Mental and Moral Instruction exemplified in Conversations 
between .a Mothef^and her Children ; with an Address to Motliers. 
By a Laily of Philadelphia. 

To know how to iiaorcst and expand the mind uf a child wifh the lessons of 
wiMloni — to impart knowIcMige in such a manner as at oiicc to gratify and excite 
a thirst for its is an acquisition possessful by very frw; but it is an acquisition 
jmlisperiBulde to the right discharge of the dnt^s^f a parent. Maiiy iiiiisl he | 
the hours of varaiicy, or miAshief, and most generally the ItUter, or the child 
whose parents hnvls,iot th.‘ faculty of alluring him to kiiowTedge and virtue, ' 
and converting tlie pains of atflictioii into pleasure; aiiji lie who contributes 
any tiling towards aiding tlieiu to discharge the duties devolving on tlieiii, 
deserves the erntitnde of the jiuidic. 4Ve have before us a hook in this depart- 
ment, eiititlfid Ai Is lit Mental l)evelo|Miieiit, or Hints to Parents; >ist from the 
press of Key Sc Kiildlc of this city ; pp. It is in the foMi of a fainiliiir 

conversation lietweeii a inotlier and liereliildroii ; in a style deliglitfully natural, 
affectionate, and easy. Tii« tupics stdech*'! disciiHsion are those with which 
parents of iiitellii;ciice and piety would wish to make tlieir rhililreii familiar; 
aiid the iiiniiiier in wiiirli they are discussed is hapiuly adapted to nurture the 
growth of biftli the intolleciual and lht,‘ moral |s>\vers. — Chrisiiau Oa^ette, 

As tlie si>hj<*ci of eduction is one of great importance, and is hegiiining to be 
felt as such, by many who have hitherto bestowed upon it too little consitlern 
lion, we cannot dtmht lAat iliis work will meet W'ith a remly sale, and extensive 
circulation ; and we can s».ccrely recoin in wUid il to the earnest and caivitii acicii- 
lioii of aM parents wiiti have young children. — Sati^t *ltr^SlCourier^ 


AUTOBIOCniAPIIY OF SOIIN GALT, ESQ. 

** 1 will a round unvarnished tale deliver.** 

** A work of coininainling interest; its every Bpnae is nn illustration of the 
remark, — iliiit the roinance <»f real life e.vee(>dK the ronianee of fiction. This is 
decidedly the happiest effort Mr. C«ait has made.*' — J^rto J^btuthly Maffmine^ 

Mr. Galt's book wlH bo read by every rias.s of renders. It is a work full of 
iiiteiest auj atrinseyieiit, nbontidiiig in anecdotical recollections, and every 
where irilt^spersed with tlie siirewii and se^rrliing observations for which the 
author has ticen always dj.<lingiii.shed. — Saturday Courier^ 

Topnr readers we rliecrfiilly comiiieiid the book as Hiniising and instnictivo: 
it is full of interesting matter, and nAan autobiography wjlJ rate with the best 
of the day. — Philadelphia Oaze/le. • * 

It is full of striking illnstrntioiis of the ritinarkablo character of its author; 
and for the iritnd disposed to study yie individualities of oiir sp.:cie8,^ contains 
much that will reward the investigation. — Commemial Herald. 

ft is no less entertaining and much morn useful than any one of his novels. — 
Mtlianai fHazette. 

ft is what it pur|)orts to he, ** the autobiography of John Galt,** and is inter- 
esting as presenting faithful illustrations of the singular character of the -author 
— who is justly regarded as one of the heat, as W'cll as one of the must volu- 
iiitii.iiiB writers of the age. — Boflon JUer. Kve. Jour, 


CELEEftATED SPEECHES 

■‘^r* ■ 

Of Chatham, Burke, and Erskine; to which ii added the 
ment of Mr. Alackintouh in the cose of Peltier. Selected by a 
Member of the Bar. 

Much is gained in richness and ^ergy of exnrcssion, and furtilily of thought 
by th«! frequent perusal of the masterpieces of rhetoric.^ffi«torical knowledge 
too, is (leriiW from them, vivified by the spirit 4^fl»i< •hatr^tid indignant expusi- 1 
tioii uf wrong. Some of the speech es in this acceptable collection relate to 
American affairs and character— we mean th.%t isf linrke on Atiiericati Taxa- 
I tion, and those of Ghathnni which h irst from his soul of ffre. The selection is 
I Judicious, and the hook in'Iisperisable for the library of every cinzen who would 
I a public speaker . — National Gazette. 



*1 he frequent reading of such eelectione from eucb masters, cannot but prove 
advaiitageouB to the young men of this country, where, more than<n any other, 
dependence will be placed upon the power of eloquencef and it is well that 
l^otl models should b& furnished to those who are, or seek, thus to sway the 
public mind. Bring afotig the great truths of the argiupent in a captivating 
style, and it will soon be found that even the most uninformed will- strike into 
the current of the address, and be carried along thereby. — <7. S. Oazettm. 

Aiiumg the |rreat men in the intellectual world, who,have astonishi^d and 
delighted, charmed and iii^ructed mankind, by the spletidor, power, and mag- 
nificence of their oratory, none stand higher than Chatham, Burke, Erskine and 
Mackintosh. The spoccheatfontained in this volume are splendid specimens of 
rich, ornate, powerful, and argumentative oratorj^j and no one possessing in the 
least degree a loVe for intellectual grandeur, can read thep* without feeling his 
heart glow with admiration, and nave hie soul ar.imated with a zeal for the 
liberty of all mankind. — Penn. Inquirer. 

This volume contains some of the spe^^ches of these great masters of English 
EI(M|iience, ^speeches, which, whether we refer to the momentous character of 
thiur topics, lh«ir power of thought display of learning, or their charms of 
s^le and graces of diction, will serve alimodels for public speaking, and sources 
or instruction, pulitical, intellectlAal %nd moral, tc^all future ages . — Charleaton 
Oturier. 


AN ESSAY ON THE SPIRIT AND INFLUENCE OP 
THE REFORMATION. A work which obtained the prize on the 
following question proposed by the National Irftititute of France ; — 
** What has been Abe influence of the Reformation by Lvthery on 
the political situation of the diflerent states of Europe, and on the 
progress of knowledge By; C. Villers, sometime professor of 
ptiilosophy in the University of Gottingen. Translated from the 
French. With an Introductory Essay, by Samuei< Miller, D. D. 
Professor in the Theological Seminary at Princeton, N. J. 

7'he National Institute of France proposed the following as a prize question. 
**Whnt huB bfeii the iiifliiencc of the Reforiiiatioii, by Luther, on the prditical 
situation of the ditiereiit states of Eiiro|ie, and on the progress of knowledge ?" 
Among the coin pi*ti tors was C. VsllerM, Professor of Philosophy, in the Univer- 
sity of Gottingen, and to him the prize was adjudged. Villers was not an eccle- 
siaslic or st'Ciiiriaii,Tiut a philosopher, and treats the subject in a pliilosophical 
manner. Those who are interested in trgeing the causes that have given direc- 
tion tofthu course of htirgaii events, will be richly rew'arded by a iierusal of this 
Essay. 

SEI.«CT SPEECHES OP TIW. RIGHT HONOURABLE 
GEORGE CANNING, with a preliminary Biographical Sketch, 
and an Appendix of extracts from his writings and speeches. Eldit- 
ed by Robert Walsh, Esq. 

Tlid'AniMrican Cluartcrly Review, in a notice of Canning, holds the following 
language : — 

We cannot take lca\o of Mr. Canning*# oratory without referring to the ex- 
treme beauty and appositen^ss of his occasional allusions. « e « It is not 
merely el^qiie^cn — it is poetry fn the beauty of its conception, if jp painting in 
the complete dulinoation of its images, it is mitsie in the harmony of its lan- 

the beautiful c.id useAil point to us In the history of Mr. Canning's ora- 
tory is, that iteWRs the natural and gracefol product of a cultivated mind — a pro- 
duct, which, in its more valuable cliaractenstics, might be secured any where, 
since it w'as the necessary end and result of the application of adequate nieana. 
Would we refute by a gesture all the miserable outcry against a high order of 
ediicatiigi in the United States, we need b&t point to the speeches of George 
Canning— a gr«*at*niridlorial, Aorured to bis fame, and to the honoq^of his coun- 
try, not by high birth and wealfo, or even the sedulous anxiety of paternal allbe- 
tlon, watching ovePand fosteri/ig developments of intellect, but by self-acquire- 
ments, literally and practically within the reach, we had ^inost said, of every 
boy in America 
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g reat revoVMtioii in ncntiriient is accompliKbed by tbe power of female charms, 
y an exbibitiort of the loveliness of female character, aKd hv the fi^cp of jrott- 
suii — at least such are the conclusions of the author. — PlUlatf^ Gat, 

It is, of course, a love story, and such an one as could only emanate from a 
French wriier —liwiil. eiiffirlaiiiini;, and with an excellent moral. An inveterate 
baclialor is reclaimed — his hatred towards the female sex is changed into ad- 
miration, and eventually he marries. This great revolution in soiitiiiient is ac- 
complished by the fmee «»f foimite charms — by an exhibition of the Inveliness of 
the female cli.‘irfe.:trr. 'I'hc h*ok should he rend not only b/*bachelur8, but by un- 
married ladies— they may derive instruction from its pages . — Saturday Kv. Pont. 

I 

rBEAUTTEf^ OP ROBERT HAI^ 

If Robert Hall wrote comparatively little, what he did write bears the imi^ess 
of genius, united with piety. He was a luminary of the first order, and it is 
delightful to feel f tv influence of his beams. To those who cannot obtain Ins 
whole works, wi- recoiiimnrid this choice selection, which certainly contains 
many Iteaulies.-fsJi^pifff-opa/. Recorder. 

The “ Beaiiries of Robert Hall,** whicoilave Just been published by Key At Bid- 
dle, contain selections from his vnlfinii^writitig. They are beautiful spt'cimetis 
of clinstened and pine coinpositinii, and are rich in sentiment and principle. 
These extracts contain much useful matter for reflection and meditntiHii, ar d 
may be ^'nised by the old and the young, the grave and the gay, the learned 
and the ilfiteratc, with advantage. We have rarfdy seen in so small a space mo 
much powerful thought as is exhibited in this little volume. — Boston JEv. Ctt. 


SKETGMES BY MRS. SIGOURNEY. 

Comprisinjf »ix tales. The Father — liegeiid of Oxford — TliC 
Family Portrait— Or iana — TI kj Intemperate, and the Patriarch. 

It is the high prerogative of women to win to virtiie—it is the praise of Mrs. 
Sigourney, that her prerogative has been oxercisisd fur beyond the domestic e.ir* 

, cle. The influences of her mivid have been felt and acknowledged where ret 
English Literatiiie fliids a welcome. These Sketches have been sought a'\ci 
with avidity, by those who would profit by the most delightful means of im- 
provuinent. — U. S. Gazette. j 

Mrs. Sigourney has a moral object in each of her interesting fletions, winch 
she pursues with constant ntteiitioit and v.ffv.ct.— National Gazette. 

liie Tales and Bke'.rJifs need no recommendation as the talents of the oit- I 
thoruss, in this branch of literature, are well and favourably known — they a ill ' 
be rend jyith great interest. — Saturday En.'Poat. * ' 

The Sketches before us kre worthy of the enticing form in which they npp«.ir 
—Mrs. Bigotirne)' is a writer of great purity, taste ami power; shw seldom exa.c- 
gerates imClents: is simple and unambitioiict«in her diction ; and fkissesses thr t 
magical influence, — which fixes the atteiiti«iii, even in a recital of ordi-nat * 
events. Her seiitiiiients are toucliiTig and true, because they spring from tl.e 
holy source of an unhackneyed heart. They will add a virtuotis strength to the 
heart of every reader, as well as be an ornament to the library of the owner.- 
CbfSise^ria/ fnletliffenrer. 

To parents the work particularly commends itself, and has only to be kr.ow « 
to he eagerly patroiiised. Young l 4 Hdies may learn a valuable lesson flrom tht 
story of the “ Family Portrait^** one which they will not be likely soon to ferget 
^ Pouf son's Gaiijf Jtdvertiser. ^ 

This is a beautiful voliinie in every respect — tha,style of its execution, il' n< 
gra\^ig which tenches with the force of truth, and its coiiumts. are alike* jc|- 
The graceful siuiplicity, good taste, classic imagery and devotional int, 
which distinguish Mrs. Sigourney's poetry, are happily blended and presented in 
living forms in the prosaic '* Sketciies’* iM^fore us. In this department of letu rs, 
as in pixury, she wilt bti read with interest and delight, be introduced by Chiis- 
tian parents to thf'ir children as an accomplished guide and teacher, and receive 
tile well merited commendation of thousanils.<* Rsligious 'Pelegrapk. 

FRANCIS BERRTAN,;bR THE MEXICAN PATRIOT, by 

Timothy Funt, £tK|. 

Tills Is a«» alt absorbing novel, we think Mr. Flint's best. — JY. Y. Jtmoriean, 
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THE tOUNG MAN’S SUNDAY BOOK: 

A practical manual of tlie Christian duticg of piety, benevolence 
and self gfjvcmment ; prepared with particular reference to the 
fbrnitatiori of the manly character on the basis of religious principle, 
by the author of^he Young Man’s own Bgok. • 

Tliis is one of those useful little volumes that will flntl its way through the 
worhl, pleasing arul doing good wherever it may eo. It professes to he a 'Manual 
of tile Uhri^tian duties of piety, benevolence, aa<ftelf government, prepared ^’ith, 
reference to the formation of a manly character on the basis :tf religious prinei^ 
pie.' It disclaims %II sectarian views, or the desire to make proselytes mr any 
party ; desiring but to diffuse something of th3 spirit and practice of Christianity 
among the rising generation, and to establish as widely as possible those princi- 
ples of virtue and goodness which alhmen profess to respect. — Pemn. Inquirer. 

It is a summary of moral and religious duties, and is full of precepts andi » 

excellent admonitions . — Christian O^f0Hte. 

We have not read it entire— but the •vangclical sentiments and ability 
evinced in parts of it whiCh we have ef ami iied, commend it to public favour and 
i especially to the attention of young men, to whom it may be a useful and valua- 
ble Cfiunbeilor. It contains in a series of essays of moderate length, a summary 
of Christian duty rather than doctrine, drawn from the writings of Arose whose 
; names comniand respeg^ throughout theGJhristian world. Its design is noble — it 
is to establish young men in the nbserva^e of those grand principles of virtue 
and goodness, w'hichf the holy Scripture^ enforce with the sanctions of God's 
; authority, and which allcnen, the profane as well as thi^ious, respect. — Southern 
HeligidUs Pelegraph. 

The Young Man's Sunday Book is a Practical Manual of the Christian duties 
of Piety, Boiicvolencc, and B<*lf-goveriiincit, prepared w it 1^ particular reference 
to the formation of the manly character on the basis of Religious Principle. It 
professes to be a Summary of duty, rather than of doctrine. Its articles are 
generally short, and have been drawn from the writings of men whose names 
command respect throughout the Christian world. It is admirably suited both^ ' 
i ill its character and form (being a small pocket volume of 91)0 pages) for a pre- 
I sent to one just verging to nianliocMl, whether a friend, an apprentice, or a son : 

: and such n book ns is likely to b^s. not only looked at, hut looked info: and that, 
nut only on Sunday, but daily ; till itscotitcnts become familiar. — CAr. Spectator. V 
I A book that slniiild be possessed by everf young man. It is a sequel to thr? 

I Young Man's Cwri Book. — Saturday Ro. Post. ’ ' 


POIiCHETTO MALASPINA, an histarical RomancS of the 
twelfth ceatury, by the author of ** Libilla Odaletta,” ^nd tranfe»- 
laied fronf the Italian by DitNiEi. J. Desmond, Esq. 

The story is one of deep interest, and Ahe translator has nlloa'ed nothing 
thereof to escape ; of the fidelity of the work we cannot speak, having no access 
to the original ; but as a novel, wliother original or translated, the work is 
good. — U. S. Gazette, ^ 

It is emphatically a fanciful and engaging work, and no one can sit down to 
its perusal without being chained by its magical ii^lluence, to an attent^nn. 
which will be kept acti\'ely alive until the lut chapter. In this there is nv 
cxac^geration, — it is a novel to make the readej^reel, — to have his cuuosity and 
senmbilities 'AHrakcned, — andlo produce upon the heart those striking impres- 
sions, which can only be excited by nature when portrayed by the encln^ting 
descriptions of a master. The scenes, the characters, the^ialogucs, and tlq|pi%- 
ciflents, are so graphically sketched, and forcibly deliiieated, that we are com- 
pelled to admit that the production is of a more than ordinary (ffiaracter. 

Our space will not ailmit of pointing out particular beauties, or interesting 
passages; to the work itself we must refer our readers for a rich intellectual 
banquet, which is only to be obtajped by its perusal. 

In dismissing this production, we remark that it is ba^tiCiilly gotuf), and will 
form a grae^ul ornament to the moat classicalji^ary.-^rsun. Inquirer, 

From parts which we have read, of Mr. Dasiioirn's translation, we have drawn 
a very favourable inference concerning the Aeciition of the whole; and we 
know that Malaspina's pages are held in high estimation by competent European 
ani American critics. V e have noted in the Paris tiavue Encydhpftdique, a 
Btrotif eneoiuiiim on the w >rks of this ftaliaifr novelist. — Motional Oaxetta. 


Wpaacs PUB3LiX8II3nX> 25V EDWArP O, Bn>l>Xi 3 a, 

TODD’S JOHNSON’S DICTIONARY OF*THE ENGLISH 
LANGUAGE. To wliich is added a copious Vocabalary of Greek, 
Latin, and Scriptural proper names, divided into syllables, and 
accented for pronunciation. By Thomas Rees, L. L. D., F. R. S. A. 
The above Dictionary will make a beautiful pocket volume, same 
size of Young-^Man’s Own Book, illustrated by a likeness of John- 
son and Walker. 

The editor matee thnt ** in ^Tfft'piling the work he has endeavoured to Airnish 
such an cpitoiiieaijf Mr. Todd's enlarged and vali.able edition of Dr. Johnson's 
Dictionary, as would enable the generality of pftrsons to Uiiderstand the most 
approved American apd English authors, and to write and speak the language 
with propriety and elegance. The mtist correct deflnitions have been given in a 
condensed form, and especial care has beer taken to indicate the classical and 
fashionable |#roriiiiicintion of every word.” The style of printing is really very 
handsome ; and'tho eiiibellishinonts, coi^ifsting of an engraving of Johnson and 
another Ilf Walker, ciiliniice the value ov^the edition. It is neatly bound and 
would be an ornament to the stiidy'*of any young lady or gentleman, while the 
traveller, on his summer tour, would find it an appropriate companion for his 
guide bonk and Stage Register. — Boston Tranellcr. 

This rcft.lly beautiful and useful little work should be possessed by all who 
wish to spell Olid write the English language correctly. The publishers have 
rendered it so attractive in its appearance as to be an ornament to the parlour 
centre table, ft will add very little weight to the trun*: of the traveller, and 
W'ill often relieve him ft*otn painful embarrassment. — & Qaiette. 

This is the age of im^Ffovement. The simple elements of education so long 
Wing ill forbidding print and binding, are now appi^nritig as they ought, in the 
finest type and most b;iaiiliful a nc^ ornamental form. The Pocket Dictionary 
published by Key affd Riddle deserves to lie cninniendcd to the public generally, 
not only for the beauty of its execution, but for the intrinsic merit it possesses. — 
‘ ClULrUston: Courier, 

This beautiful little Dictionary should be the companion of every young lady 
and gciuleiiiaii when reading or writing, wliether at home or abroad. —JV. T. 
Commercial Advertiecr. 

THE MORAL TpSTAMENT OP MAN. 

Key & Riddle have just issued under this title, a beautiful little volume made 
lip of the sayings of the- wise and good, in olden and modern times. These 
apothe/rms arc all upon tiHist interesting Qiibji'cts, each one carrying wiiVi it a 
wiiolesohie as well as a nv.^st agreeable influence. This little volume is to the 
mind and heart what a flower-garden is to the eye and nose. It delights and 
regBleH.*7>Qpn/Msr<;raf Herald, 

Good taste, judgment, and a love of doing good, must ‘have in*AiJcnced and 
directed the inrliistrioiiM compiler... This lilth* selection of precious thoughts 
has been printed and bound in a style suited to the worth of the contents — 
apples of gold in pictures of silver. — U. S, Oazette, 

CONNECTION OF THE pllYSICAL SCIENCES. By Mrs. 
Siimerville. 

The fair authoress of the volume before iis is already fhvourably known to the 
public as fc/ wrher of much pow'Ci and considerable celebrity. Thr present work 
is well calculated to increase our admiration of tltj lady's sterling talents, and at 
the Sfcfnic time make us feel that we are much indebted to her for no small por- 
fruh'-of useful inrurmi:tion. I'he connection of the physical sciences, their mutual 
de|>eiidencies, o^d the utility of simplification and generalization are clearly 
shown ; and the whole is rendered interesting by a large embiMlyiiient of facts. 

The general reader, and those whose time will not admit of perusing volumin- 
ous treatises, will find this prodiirtinii a pleasing and useful manual. They can 
refer to it, at any time wjth pleasure, and th(^ will always find that its pages, 
instead of prcsciitiAg . Tinrren waste of words, arc enriched by the bnUiant 
genius of profound thought. c lecrflilly commend it to our read^is as a work 
well worthy their attention. --Ps** a. Inguirer. 

Such is the eloquent conclusion of the work before us, and when we compare 
its elegant simpneity, its pntfnund science, and the reference at every step to 

the wiadoni of the Creator of this » universal flrame thus wondrous foir,” with 

— . . ■ .. - 
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tlie pondei^us and ofl)?ii iin manageable learning which has been pressed into the 
service of naturaj^rcligion under the will of the Earl of Rriilgc\>atcr, we corinot 
avoid the conrlusion, that had the liberal bequest of that nobleman lieeii opened ^ 
to eotnpotiiioii, this work must have earned oft' th# palm, tiiich competition 
might indeed, hove called out popular talcuit and learning equal to that of our 
auth(»ress; but she Htauds at present far superior, in the adaptation of her mind 
to the objects of the testator, to any of those among whom the legacy has been 
divided, although thc^ chosen scientific men of Urfipt Britaiii^jffmsr. Quarterly 
Rrptw. 

The style df this aHtnnishiiig production is so clear and unafibeted, and con> 
voys with 9<n much siiiipliid^ so great a inasa A* profound knowledge, that it 
should be placed in the liantre of ewry youth, the moment he^lias mastered the-^ 
general rudiments St education. — London Quarterly Review, 

THE LADY’S AND GENTLEMAN’S BOOK OF CLASSI- 
CAL LETTERS, Consisting of Epistolary Select^ns^ designed ^ 
to improve Young l^adics anci^Grentlemen in the art of Letter-^ 
Writing, and in thos<» principle%wh4ch are necessary for respecta- 
bility and success in life : with introductory Rules and Observap 
tions on Epistolary Composition. By the Author of “ The Young 
Man’s Own Book.’’ 

Key & Biddle have Just issued a very neat volume under the above title— the 
letters, it.v. are selecti<l by the author of the very popular ** Young Man's Own 
Book," and consist of the very liest c'pistolary cx>rreHp<mdence of the masters of 
our laifkiiage. Horace Walpole, Bishop llcbcr. Sir Winiain Jones, Dr. Franklin, 
Bir Matthew Hale, Dr. Doddridge, Dr. Johnson, the Earl of Chatham, General 
Washington, Cowper, ami the letters of a ^st of worthies, have been resorted to 
in this truly attractive and cheap volume. No better ChrAtmas or New Year's 
Present could be selected, as its contents will be much nihro likely to be service* 
able in forming character than any annual;— it is moreover adorned with two 
handsome engravings, and is altogether a most ilesirable work. — /’ovboii*# Daily^ 
Adoeriiner, ’ * 

“The Classical Letter Writer," compiled by the author of the Young Man's 
Own Book, is the best wc have ever met with. It contains choice specimens 
from the pens of ^le greatest masters of the art. for it is an art, in our language, 
not forgetting CVm'per, Praiikliii, Wnlp<4e, Lady Montague, Johnson, KiNce^ 
White, Mrs. Carter, Ilauiinli More, ami Miss Elisabeth ^uWi.—Jotirnal ^ Belles 
Letfj^es. • 

One of the neatest and most iiseHil little books which we have seen of late, is 
7'Ae Classical Letter fVriler^ just published by Messgp. Key ic Biddle. Mt consists 
of a judicious choice of extracts from the correspondence of eminent authors, 
and is dcsigm‘d to improve youth of cither sex in the important jirt of Letter- 
Writing. The introductory rule# and observations are well adapts to the same 
design. — ^ATat. Oat, ^ 

DAILY READINGS ON PASSAGES OP SCRIPTURE, 
selected for social reading, with applications, by the author'of the 
Listener. ^ 

The circumstance that this little work is hromsthe pen of the pious and aceom- 
plished authtJ of the Listener, must of itself besa recominendatiou to wery reader, 
and a siitlicicnt evidence of Us merits. The immediate purpoM of tne publica- 
tion is sufficiently explained in the preface. The author has found it tj|p oest 
mtxle of reading the scriptures to confine the attention t.> limited portion^^y, 
BO that the impression obtained may be one and undivided, rather than weaken 
the attention by diffiising over too large a space. Each daily fending, therefore, 
is confined to fifteen or twenty verses from the scriptures, which are followed by 
a commentary. The selections are judicinuslv made, and the reflections are re- 
markable for the pure spirit of* feeling and devotion which they every where 
hniatlie. Their language too is that of a rheerfiil oUstlan, firce ffom gloomy 
and despmding ideas, and calculated to cheqg Aiose wno resort to it for counsel, 
and as a guide in their meditations. The ge^ral charac^r of the work reminda 
us strongly of that of the sacred history by Ivfrs. Trimmer, a more voluminous 
produclion however, and hence less available to the generali(y of readers. The 
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prewnt work will bo found a valuable fuide, both in the ftSnily and ii^the cloeet. 
By fhr too much importance is attached in the eyes of most pg/sone, to the mere 
> reading of the Scriptures independent of any specific advantage to be gained 
firom their perusal. This mode of reading is not only useless, but positively inju- 
rious, as it tends to form a habit of inattention to the important subjects con- 
tained in the sacred volume. Particularly is it important to children to' lie made 
to realize the value of the Latin axiom **hnud iiiiilla lege aed multuni,** thut is a 
little read and l^oroughly (digested is of infinitely murf^ value than a large 
amount received into the mind hastily, imperfectly comprehended, and soon for- 
gotten. Above all is this rule important in its application to t^e scriptures. 


which to regard merely as a sv:j^nce of knowledge, deprives them of half their 
value, and which to bo made truly profitable must he meditated on as the rule of 
life, and as funiilning the only true and solid foundation oB present and future 


life, and as funiilning the only true and solid foundation oB present and future 
happiness.'-Go/a. IleratU, 

The work is valuable, and by judicious use, may be the means of great good. — 
M^ional Oaiette. • 

LECTURfiS ON TIlEOLOOSi. By the late Rev. John Dick, 
D. D. of Glasgow, Professor df IVvinity to the United Secession 
Church. With a Memoir, and a Copious Index of Subjects and 
Texts lllystratcd. 

The latn Dr. Dick*s “ TiOrturrs on Theology,” are, in ^ny apprehension, emi- 
nently fitted to attach permanently to his memory the high reputation in which 
be was held during IiIh life. 'J'hey form a system of srriptifral divinity very com- 
plete, and of great general excellence. The arrangement (though every principle 
of classification has its pftsuliar rocomiiietidations and drawbacks) is iintu'ful and 
comprehensive. Composed witli lit.s custmiiMry care, the lectures bear all the 
characteristics of their «iiti:*hteiied, author's mind. They are distinguished, 
throughout, by clear tsoncepti on and transparently lucid expression ; by a chaste 
and graceful simplicitySif style, ri.uiig occasionnily, on Hub.ier.ts that stirred the 
I natural calm within, to Infitness and ebsituMire; and by a fatiociiiHtion, luinin- 
' oils, candid, and furctide. Wliii# by som*' miiy bi; regarded as a defect, I am dis- 
rpnsoil to c«feeni an exr4'1lence, nanndy, tlial they iiru far from being entirely 
I abstract, didactic, and critical; bit, by vari«>us ibv^ro^'s of ninplification on the 
devotional and practical uses of the doctrines dieritssed, are calcilntod to imbue 
with the spirit, and impress with the importance, tif persotiaytodlincss, the stu- 
tJeiits under his care, the rising ini.vMry of the Oliurch. niuf^o exemplify that 
connection of truth \^ilii its inlliitfitco, wliicli it woiilil form t>o esHiMitial a part of 
their future pastoral diit^' to inruteafi*. By this fiuiture 4»f tleur chanicler, more- 
over, the lectures are riMiilcred huppily nvaij^lde for more extensive pnpnlaf' use. 
DitTeriug (LS 1 am known to do, in some points, from the sentiments of the ex- 
cellent ami lamented aiillior, 1 rejoice in this npimrtunity of expressing iny high 
satisfiictioii with the great and gfuternl views of cvnngclirnl truth exliibi'ted in 
tiiese volumdt., with the manner in whirl] th«’y ^tre treated, and the riftisonings by 
which they are defended. I reckon them a valuable nriiuisition to onr Theologi- 
cal literature. • RAI.PII WARDLAW, D. D, 

Thu Lectures of the late Rev. Dr. Dick T consider to be a valuable accession to 
oiir Theological literature. They present the results of long-continued and ex- 
tensive aosearch. and of a close and attentive study of the Holy Scriptures; and 
are distinguished for clearness of roncepfion, simplicity of language, precision 
and definiteness of statcii|eiit, logical arrangement, variety of itlustration, and 
coniprehensivencss of range. 7'hcy cannot fail to be read with interest and 
profit. E. H]^DERSON. 

Wtf consider these volumes as among the most ifriportanr of the additions that 
have Cicently been made to sound Theological literature . — Dublin Christian K%- 
and Church of Jreland Magazino, 

From this brieF analysis, our readers will perceive that the author has taken 
a comprehensive range, ami when wc add, that there are few opinions or topics, 
either more iininediatcly or moru remotely connected with these various subjects, 
to which ho does not less or more ailvcrt. it must be aflinitted, that in point of 
extent, tlin^iecturea are n^ exceeded by any in the English language. Most of the 
(mints are fully discuss^, while? due pro|Ktrtion is cnrefiilly allott,'*d to each. 
For simplicity, precisiyn, and per^ieuity. the language is pre-eminently distin- 

K iishnd. The author was evideilMy a man of refined taste, a well regiilatml 
(lagtnation, deep penetration, ar d a sound and enliehtcncMl judgment. What 
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The to euhscribers fc^r ench number will be six dollars, to 
be 'paid on dcdwcry. 4 

The publisners avail themselves of the fallowing flatteririff no- 
tice of this design, in a letter from Dr. Sparks, editor of the Nocth 
American (leview, to Colonel M’Kenney. From a gentleman so 
distintjiiished as Dr. Sparks, so well and deservedly appreciated 
for his iiig^ standing, attainments, his taste and science, and with 
such eiilajrged opportunities of judging^ the importance of such 
a work, such a Ijtter is decidedly encourci^ing. • • 

Sef^ember 97th, 18S9, 

Mtf n^ar 5ir— I am hfartily to Ifarn by your Oivotir of the 23(1 instant, 

tliar tlicn* is sii soi-mI a pr.isprrt for p;fl)lislnng the portraits of the red men. 1 do 
not consider tliaf 1 have ari)' claim, ^rowirifr ont of oiir conversiitionf and, indeed,^ 
as iny only motive wits to he iiistriif\^lital in bringintt before Ukc public, so rare* 
and curious a collertinii, it is a doulile satis^rtion for me to know, that the mat- 
ter is in so /v(,(id bands, anri eiicoiiriij;esAopes of entire siid^ess. In my mind, -the 
whole ylorv and value of the undertakinfr, will depend on the accuracy and 
beauty with wliicli the heads shall he exociitod, and the completeness of the cos- 
tume. You must wTite all that is known about the character and life of each 
person. Let us h.'ive a work worthy of the subject, and honourabld^to the na- 
tion, and just to the lAliuiis. 

Veay sincerely, your fjriend, and obedient servant, 

. JARED SPARKS. 

TllftMAS I4 . M'Kknnky, Esq. 

The piiblisliors have also been favoured with the following very 
flattering letter from PKer S. Dupenceau, Presilient of the Ame- 
rican PhiioBophical Society, dz.c., to Colonel M'Kenney, upon being 
shown a speciinoii of tlic portraits intended for the work. 

PHir.AnKLPiii\, May 25th, 1B31. 

Denr Sir — I can not express to you how delighted 1 was, W'hen I w'as kindly 
show’ll by Col. Childs, the fhe similes of the portraits of some of our Indian 
Chiefs, which he lyis already prepared for your great and truly National work.^ 
and such an one as would do honour to tfic greatest sovereign of Europe, ft* 
has often occurred to my mind, that such a work wouM^ave added much to the 
glory of the late Emperor Alexander, of Russia; and J yet wonder, that his 
frieflVta did not suggest to him the idea of beginning a cabinet, or ratli^ a miisguin 
of the vaturai history of man, by collecting either inavax figures, or in^aintings, 
in an imiiKMisc hall, or gallery, exact iikeneiifHfs, representing the shapes, colour, 
and fHatiire^^s well as the wrioiia costumes of the numerous nati^s and tribes 
that iiiliahit Ins empire. I am gM he did not do it, and that ou^ountry will 
have the honour of laying the first foundation of an edifice, which must sooner or 
1ati-r ho erecteil to the most important of an sciences, the knowledge of our own 
s|Mjcics. The flay wilt come. I have no doubt, when by The exertions of patriots 
in republics tike our owui, and the munificence of monarchs in other countries, 
the philosopher w'ill have it in his power to take a view' at one glance of the dif> 
ferciit races of mankind, their genera, species, and varieties, in well executed ' 
effigies, and thus to t4?st the numerous theories to wl^eh differences have given 
rise. ^ 

We are going then to begin by exhibiting tbe^rsd rare. Your knowledge of the 
Indian Tribndks not merely theoretical; you have lived among^hemaand have 
had the means of becoming fafbiliar with Their habits, manners, and ciist^s, aa 
well as of ttrur languages; therefore the historical part of this undertakinjf^i^ 
not he conhded to better hands. 

The aborigines of the United States will soon disappear fVofli the fkce of the 
earth. I am unwilling to dwell upon this topic, so disgraceful to the white nee 
— to the Christian race to which I belong—^ne consolation only remains. By 
m^'ans of this great work, the efOgies of those former lords of the American soiL 
will at least after their destruction, serve the purposes ^ph^osophy iftid science, 
as the bodiM of murdered men in the hands ^%the su^eon, serve those of hu- 
manity. I am. respectfully, yoilr friend and servant, 

^ PETEft 8. DUPONCEAU. 

Thomas L. M'Kbxnbt, Esq. Y 
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